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EXECUTIVE SUMMARY 

This document presents the treatability test plan for pilot-scale pump 
and treat testing at the 200-BP-5 Operable Unit. This treatability test plan 
has been prepared in response to a tentative agreement between the U.S. 
Department of Energy (DOE), the U.S. Environmental Protection Agency (EPA), 
and the State of Washington Department of Ecology (Ecology), as documented in 
Hanford Federal Facility .Agreement and Consent Order (Tri-Party Agreement, 
Ecology et al. 1989a) Change Control Form M-13-93-03, dated September 30, 
1993. The tentative agreement also requires that, following completion of the 
activities described in this test plan, a 200-BP-5 Operable Unit Interim 
Remedial Measure (IRM) Proposed Plan be developed for use in preparing an 
Interim Action Record of Decision (ROD). The IRM Proposed Plan will be 
supported by the results of the testing described in this treatability test 
plan, as well as by other 200-BP-5 Operable Unit activities (e.g., development 
of a qualitative risk assessment). Once issued, the Iriterim Action ROD will 
specify the interim action(s) for groundwater contamination at the 200-BP-5 
Operable Unit. 

The approach discussed in this treatability test plan is to conduct a 
pilot-scale pump and treat test for each of the two contaminant plumes 
associated with the 200-BP-5 Operable Unit. Primary contaminants of concern 
are 99Tc and 6°Co for groundwater affected by past discharges to the 216-BY 
Cribs, and 90Sr, 239n40 Pu, and 137Cs for groundwater affected by past discharges 
to the 216-B-5 Reverse Well. The pilot-scale treatability testing presented 
in th i s test plan has two primary purposes: 

• To assess the performance of groundwater pumping with respect to 
the ability to extract a significant amount of the primary 
contaminant mass present in the two contaminant plumes. 

• To assess the performance of aboveground treatment systems with 
respect to the abil i ty to remove the primary contaminants present 
in groundwater withdrawn from the two contaminant plumes. 

Implementing the two pilot-scale treatability test systems described 
under this treatability test plan will allow information to be gathered on the 
effectiveness, operating parameters, and resource needs of pump and treat as a 
potential interim action alternative. The overall scope of this test plan 
includes: 

• Description of the pump and treat systems to be tested at each of 
the contaminant plumes, as well as the test performance objectives 
and data quality objectives (DQOs) that will be used to evaluate 
the effectiveness of the pump and treat systems. 

• Discussion of the treatment technologies to be tested and 
supporting development activities, including_ laboratory 
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treatability tests, process flow and conceptual design . 
descriptions, and equipment, fabrication, utility, and system 
startup needs. 
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Description of pump and treat system performance, operating 
procedures, and operational controls, as well as anticipated 
monitoring activities, analytes, parameters, analytical 
procedures, and quality assurance protocols. 

Summaries of other related treatability testing elements, 
including personnel and environmental health and safety controls , 
process and secondary waste management and disposition, schedule , 
and program organization. 
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1 1.0 INTRODUCTION 
2 
3 
4 The 200 Areas of the Hanford Site (Figure 1-1) are included on the U.S. 
5 Environmental Protection Agency (EPA) National Priorities List (NPL) under the 
6 Comprehensive Environmental Response, Compensation, and Liability Act 
7 (CERCLA). The Hanford Site, established in 1943, was originally designed, 
8 built, and operated to produce plutonium for nuclear weapons using production 
9 reactors and chemical reprocessing plants. Operations in the 200 Areas 

10 involved mainly separation of special nuclear materials from irradiated 
11 nuclear fuel and related chemical and ' fuel processing and waste management. 
12 In general, chemical and low-level radioactive liquid wastes associated with 
13 these operations were typically disposed to the ground via infiltration 
14 structures such as cribs, ponds, ditches, and injection wells resulting in 
5 groundwater contamination. 
6 

An aggregate area management study program was implemented under the 
Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement, 

9 Ecology et al. 1989a) to assess source and groundwater contamination in the 
- O 200 Areas. Based on the findings of the studies, an overall remedial action 

~ 21 strategy for the 200 Areas was developed which favored the implementation of 
~ 2 interim remedial actions to expedite the cleanup process. High priority 
23 groundwater contaminants were identified and interim remedial action 
24 recommendations were made following the Hanford Past-Practice Strategy (DOE-RL 
25 1991). Recommendations were made based on the urgency for action and whether 
26 the nature and extent of the contamination was adequately understood to select 
27 and implement remedial actions. 
28 
29 The 200 East Groundwater Aggregate Area Management Study Report (AAMSR) 
30 (DOE-RL 1993a) summarized information about groundwater contaminants beneath 
31 the 200 East Area and provided recommendations for prioritizing, 
32 investigating, and remediating various contaminants and plumes. The 200 East 
33 Groundwater AAMSR (DOE-RL 1993a) recommended that one contaminant/plume 
34 containing the highest concentrations of 90Sr be addressed under an exr.edited 
35 response action (ERA), and that six other contaminants/plumes (6°Co, 9 Tc, 
36 137Cs, 2391240 Pu, cyanide, and nitrate) be addressed under interim remedial 
37 measure (IRM) efforts. Discussions between the U.S. Department of Energy 
38 (DOE), the EPA, and the State of Washington Department of Ecology (Ecology) 
39 have resulted in an agreement in principle to address all seven 
40 contaminants/plumes under one of two IRMs in the 200-BP-5 Operable Unit. The 
41 6°Co, 99Tc, cyanide, and nitrate contaminants/plumes are associated with 
42 groundwater affected by past disposal practices involving primarily the 216-BY 
43 Cribs (the 216-8-43 through 216-8-50 Cribs, as well as the 216-8-57 and 
44 216-8-61 Cribs), and will together be referred to as the 11 216-BY Cribs IRM 
45 plume" in the remainder of this document. The 90Sr, 137Cs, and 2391240 Pu 
46 contaminants/plumes are associated with groundwater around the 216-8-5 Reverse 
47 Well, and will together be referred to as the 11 216-8-5 Reverse Well IRM plume" 
48 in the remainder of this document. 
49 
50 The 200 East Groundwater MMSR (DOE-RL 1993a, Section 7.0) provided an 
51 initial feasibility study that screened technologies for groundwater 
52 remediation in the 200 East Area and developed preliminary action 
53 alternatives. These alternatives include no action, institutional control, 
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1 pump and treat, treatment at point of use/discharge, and physical or hydraulic 
2 containment/control. Of these alternatives, pump and treat is considered to 
3 be an appropriate interim action alternative, considering the IRM goal of risk 
4 reduction. Pump and treat has been tentatively agreed upon by DOE, EPA, and 
5 Ecology for pilot-scale testing at the 200-BP-5 Operable Unit as documented in 
6 the Tri-Party Agreement (Ecology et al. 1989a) Change Control Form M-13-93-03, 
7 dated September 30, 1993. This tentative agreement also requires the 
8 preparation of an IRM Proposed Plan following completion of the pilot-scale 
9 treatability test, and clarifies that the primary contaminants to be addressed 

10 in the 200-BP-5 0Rerable Unit pilot-scale treatability test are 6°Co, 90Sr, 
11 99Tc, 137Cs, and 2391240Pu. Although the pilot-scale treatment system will be 
12 specifically designed to remove these radionuclides, the system will also be 
13 assessed for its effectiveness in removing secondary contaminants 
14 (e.g., cyanide and nitrate) known to exist in the groundwater. Treated 
15 groundwater will be returned to the aquifer within the boundary of the IRM 

r:a16 plume from which it was withdrawn. 
co 7 

8 Although pump and treat is generally considered to be a viable means of 
, 9 reducing the mass of mobile contaminants in groundwater, numerous site-

~ O specific factors may influence the effectiveness and selection of pump and 
.....-~ 1 treat as an interim action alternative. The purpose of the treatability 
-.:c 22 testing described in this test plan will be to assess the ability to meet test 

3 performance objectives, which include establishing effectiveness, operating 
24 parameters, and resource needs associated with extracting and treating the 
25 primary contaminants present in the 216-BY Cribs and the 216-B-5 Reverse Well 
26 IRM plumes. The test will also serve as a proof-of-principle demonstration, 
27 and establish engineering design values and functional costs to support the 
28 selection of an effective treatment technology. 
29 
30 Following the treatability test, an IRM Proposed Plan will be prepared 
31 to support an Interim Action Record of Decision (ROD) for the 216-BY Cribs and 
32 216 -B-5 Reverse Well IRM plumes. The IRM Proposed Plan will be supported by 
33 the results of the treatability test and a qualitative risk assessment that 
34 will focus on the IRM contaminants. The IRM Proposed Plan will develop and 
35 evaluate a limited number of alternatives (e.g., pump and treat, hydraulic 
36 control, no action). The need for additional treatability testing, field 
37 characterization activities, or feasibility studies will be addressed in the 
38 IRM Proposed Plan and/or the Interim Action ROD. Once issued, the Interim 
39 Action ROD will address CERCLA standards, including satisfaction of applicable 
40 or relevant and appropriate federal and state requirements (ARARs), pertinent 
41 to implementing the required interim action(s). Any residual contamination 
42 not addressed in the Interim Action ROD should be addressed in the final 
43 remedy selection process. 
44 
45 It may be determined during treatability testing that pumping 
46 groundwater would not efficiently achieve a significant amount of contaminant 
47 mass reduction in the groundwater, thus indicating that the goal of an IRM, 
48 risk reduction, may not be best achieved by a pump and treat interim action 
49 alternative. Nevertheless, this treatability test plan anticipates the 
50 performance of treatment system testing for groundwater removed from the 
51 216-BY Cribs and 216-B-5 Reverse Well IRM plumes even though it is has not 
52 been determined whether pumping groundwater will effectively remove a 
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significant contaminant mass. The overall rationale for this approach is 
based on the following key reasons: 

• Data on treatment effectiveness will be needed to support the 
evaluation of potential treatment technologies during development 
of interim action alternatives prior to a final IRM decision for 
the 200-BP-5 Operable Unit. 

• Treatment system test results would be useable for other Hanford 
Site response alternative evaluations by providing effectiveness 
data on similar contaminants and media (e.g., 90Sr present also in 
N Springs groundwater). 

• Groundwater pumped to the surface to assess the ability to extract 
contaminants from the aquifer would be treated prior to return, 
which is consistent with a bias for action and the goal of risk 
reduction. 

• Tri-Party Agreement (Ecology et al. 1989a) Change Control Form M-
13-93-03 (September 30, 1993) requires that this treatability test 
plan "recommend treatability test(s) be performed for the most 
viable technology(ies)". This requirement is satisfied by the 
description of the anticipated treatment system testing provided 
in th,s treatability test plan. 

This treatability test plan describes laboratory- and pilot-scale 
testing to be performed on groundwater in the 200-BP-5 Operable Unit. The 
approach is to conduct two, independent pilot-scale tests specific to the 216-
BY Cribs IRM plume and 216-B-5 Reverse Well IRM plume. This document provides 
the purpose, scope, and objectives of the treatability testing; describes the 
test locations; discusses t he treatment technologies chosen for the tests; 
describes the treatability test system design, operation, and monitoring; and 
includes a test schedule. This treatability test plan is a secondary 
document, as this term is defined in the Tri-Party Agreement (Ecology et al. 
1989a). Following the completion of treatability testing, a treatability test 
report will be prepared summarizing the results of this study. Treatability 
testing is expected to be completed in 1995. 

I.I PURPOSE AND SCOPE 

Pilot-scale treatability testing has been identified as a principal 
activity required to support an Interim Action ROD for the 200-BP-5 Operable 
Unit by providing critical information regarding groundwater treatment. The 
purposes of this pilot-scale treatability testing are 

• To assess the performance of aboveground treatment systems with 
respect to the removal of 6°Co, 90Sr, 99Tc, 137Cs, and 2391240 Pu from 
groundwater withdrawn from the 216-BY Cribs IRM plume and 216-B-5 
Reverse Well IRM plume. 
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• To assess the performance of groundwater pumping with respect to 
·the extraction of contaminant mass from the 216-BY Cribs IRM plume 
and 216-B-5 Reverse Well IRM plume. 

This treatability test plan focuses on conducting the above performance 
assessments by gathering information on the effectiveness, operating 
parameters, and resource needs of pilot-scale pump and treat systems developed 
for the 216-BY Cribs IRM plume and 216-B-5 Reverse Well IRM plume. 

The scope of this test plan includes the following: 

• Descriptions of the pump and treat systems to be tested at each of 
the IRM plumes, and of the types of questions that must be 
answered to determine the effectiveness of pump and treat. 

• Predictions, based on conceptual models of the 216-BY Cribs and 
216-B-5 Reverse Well IRM plumes, of the ability to achieve 
effective mass removal of contaminants from the IRM plumes. 

• Definition of test performance objectives and DQOs that will be 
used to evaluate the effectiveness of the pump and treat systems. 

• Discussion of the treatment technologies to be tested. 

• A limited laboratory treatability test program to evaluate the 
effectiveness of a limited number of different ion exchange resins 
at removing the primary contaminants from 200-BP-5 Operable Unit 
groundwater samples. 

• Development · of process flows and conceptual designs for the pump 
and treat systems, as well as equipment, fabrication, utility, and 
setup needs for treatability testing. 

• Description of anticipated pump and treat system performance, 
operating procedures, and operational controls. 

• Anticipated monitoring activities, sampling locations and 
frequencies, analytes, parameters, analytical procedures, and 
quality assurance protocols. 

• Description of personnel and environmental health and safety 
controls, including safe management and disposition of process and 
secondary waste streams. 

• Presentation of a schedule and program organization for performing 
the treatability testing. 

1.2 SITE DESCRIPTIONS AND CONTAMINANTS 

In the 200 East Groundwater AAMSR (DOE-RL 1993a}, recommendation of 
contaminant plumes for interim actions involved consideration of an initial 
risk-based screening as well as comparison of known contaminant concentrations 
in groundwater against pertinent federal and state groundwater standards. The 
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initial risk-based screening performed in the 200 East Groundwater AAMSR 
(DOE-RL 1993a) was designed to prioritize contaminant plumes on a consistent, 
semiquantitative basis for their relative intrinsic significance to human 
health. Overall, this risk-based screening was qualitative in nature and does 
not imply actual human health risks nor the existence of an exposure pathway. 
Strontium-90 was ranked highest in priority, followed by 99Tc (ranked second), 
2391240 Pu (ranked third), 137Cs (ranked fifth), and 6°Co (ranked tenth), on the 
basis of their relative health risk indices. In addition, 6°Co, 90Sr, 99Tc, 
137Cs, and 2391240 Pu were recommended for interim actions, because wel 1-defi ned 
plumes were observed for which concentrations exceeded I/25th (4%) of the 
administratively established Derived Concentration Guide (OCG) standards for 
groundwater (DOE Order 5400.5). 

Based on the 200 East Groundwater AAMSR (DOE-RL 1993a) assessment, 6°Co, 
90Sr, 99Tc, 137Cs, and 2391240 Pu presented high potential relative risk for their 
carcinogenic characteristics. Some groundwater samples have exceeded 4% of 
the DCG for 6°Co (200 pCi/L) by more than 2 times, for 90Sr (8 pCi/L) by more 
than 500 times, for 99Tc (4,000 pCi/l) by more than 5 times, for 137Cs 
(120 pCi/L) by more than 10 times, and for 2391240 Pu (1.2 pCi/L) by more than 50 
times. 

The 200 East Groundwater AAMSR (DOE -RL 1993a) identified other 
contaminants and constituents in the groundwater. Secondary contaminants that 
exceed drinking water standards in the vicinity of the 216-BY Cribs IRM plume 
include cyanide and nitrate. A comprehensive list of groundwater contaminants 
and/or constituents encountered in the vicinity of the 216-BY Cribs and 216-B-
5 Reverse Well IRM plumes is provided in Appendix A. 

The 216-BY Cribs and 216-B-5 Reverse Well IRM plumes are centered around 
two separate sites (Figure 1-2). The most recent summary of contaminant 
concentrations and distributions is presented in the Groundwater Field 
Characterization Report for the 200 Aggregate Area Management St.udy 
(Ford 1993), which provides the basis for the contaminant data summarized in 
Table 1-1 and the 216-BY Cribs and 216-B-5 Reverse Well IRM plume maps 
presented in Figures 1-3 and 1-4. Plume maps were generated on the basis of 
available data (i.e., Ford 1993) and computer contouring software. The data 
and software have inherent limitations on their ability to extrapolate plume 
boundaries. Figure 1-5 shows the major structures and facilities in the 200 
East Area in relation to the two IRM plumes. Site descriptions and 
information about primary contaminant concentrations in the 216-BY-Cribs and 
216-B-5 Reverse Well IRM plumes are provided below. 

1.2.1 216-BY Cribs IRM Plume 

The 216-BY Cribs IRM plume (Figure 1-3) is roughly centered around 
Well 699-50-53A, which is located about 2,900 ft north of the 200 East Area 
fenceline and about 3,000 ft north of the 216-BY Cribs (Figure 1-5). The area 
north of the 200 East Area fenceline is open, brushy terrain with no major 
impediments to the placement of a pilot-scale treatment system. All 
groundwater wells that would be used in this treatability test program are 
accessible. There are no utilities in this area. 

200-BP-5 - 01 /25/94 1-5 
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1 The 6°Co and 99Tc plumes (Figure 1-3) are defined on the basis of data 
2 from Wells 699-50-53A, 699-49-SSA, 699-52-54, and 299-E33-7. These 
3 contaminant plumes are believed to extend for ~ome distance to the west and 
4 south although well control is limited. In general, average 99Tc 
5 concentrations range from about 1,000 to 19,169 pCi/L, with the highest 
6 average 99Tc concentration measured at Well 699-50-53A. The highest average 
7 concentration for 6°Co (about 440 pCi/L) also occurs at Well 699-50-53A, with 
8 average 6°Co concentrations ranging down to about 28 pCi/L. 
9 

10 
11 1.2.2 216-8-5 Reverse Well IRM Plume 
12 
13 The 216-8-5 Reverse Well IRM plume (Figure 1-4) is centered around the 
14 216-8-5 Reverse Well, which is located about 1,000 ft northeast of the 221-B 

-f 5 Canyon Building and about 100 ft east of Baltimore Avenue (Figure 1-5). 
6 Nearby facilities are the 216-8-9 Crib to the north and the 216-8-59 Retention 

~ 7 Basin to the southeast. The projected surface expanse of the 90Sr, 137Cs, and 
8 2391240 Pu plumes encompasses a level, open, brushy, surface contamination zone 

C'-.J g directly around the 216-8-5 Reverse Well, and a grassy uncontaminated area 
~ O nearby. Other than the 216-8-5 Reverse Well surface contamination zone and 
=:--21 risers associated with the 241-8-361 Settling Tank, 75 ft to the southwest, no 

-~2 potential obstructions to the placement of a pilot-scale treatment system are 
23 present. 
24 
25 The 90Sr, 137Cs, and 2391240 Pu plumes (Figure 1-4) are defined on the basis 
26 of data from Wells 299-E-28-7, 299-E-28-23, 299-E-28-24, and 299-E-28-25, and 
27 the plumes are believed to be relatively well confined to a small area 
28 centered around and slightly west of the 216-8-5 Reverse Well. In general, 
29 average 90Sr concentrations range from about 76 to 5,149 pCi/L, with the 
30 highest average 90Sr concentration measured at Well 299-E28-25. Average 137Cs 
31 concentrations range from 10 to about 1,328 pCi/L, with the highest average 
32 137Cs concentration measured at Well 299-E28-23. The highest average 
33 concentration for 2391240 Pu (about 69 pCi/L) also occurs at Well 299-E28-23, 
34 with average 23

~
240 Pu concentrations ranging down to nearly zero. 

35 
36 
37 1.3 GROUNDWATER CONCEPTUAL MODELS 
38 
39 The groundwater conceptual models presented below for the 216-BY Cribs 
40 and 216-8-5 Reverse Well IRM plumes include information about contaminant 
41 sources, disposal practices, release mechanisms, affected media, exposure 
42 routes of receptors, and aquifer characteristics. These conceptual models 
43 were developed from data and information obtained from the 216-8-5 Reverse 
44 Well Characterization Study (Smith 1980), the B Plant AAMSR (DOE-RL 1993b), 
45 the 200 East Groundwater AAMSR (DOE-RL 1993a), the Hydrogeologic Model for 
46 200 East Aggregate Area (Connelly et al. 1992), the Unconfined Aquifer 
47 Hydrologic Test Data Package for the 200 Areas Groundwater Aggregate Area 
48 Management Study (Newcomer et al. 1992), Groundwater Maps of the Hanford Site, 
49 December 1992 (Kasza et al. 1993) and the Phase I Remedial Investigation 
50 Report for 200-BP-1 Operable Unit (DOE-RL 1993c). 
51 
52 
53 
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1 1.3.l 216-BY Cribs IRM Plume Conceptual Model 
2 
3 Beginning in about 1954, liquid process wastes were discharged to the 
4 soil column at the 216-BY Cribs, via the 216-8-43 to 216-8-50, 216-8-57, and 
5 216-8-61 Cribs, located about 200 ft north of the 241-BY Tank Farm. Waste 
6 ~enerated during ferrocyanide scavenging operations at U Plant to reduce the 
7 °sr and 137Cs content was sent to the 241-BY Single Shell Tank Farm from 1954 
8 to 1957. About 8,940,000 gal of liquid waste was passed through a three-tank 
9 cascade system to settle out solids before being discharged to the soil 

10 column. Between 1965 and 1974, the 216-8-50 Crib received 16,000,000 gal of 
11 tank liquor condensate waste from In-Tank Solidification Unit 1 at the 241-BY 
12 Tank Farm (DOE-RL 1993b). Between 1968 and 1973, the 216-B-57 Crib received 
13 22,000,000 gal of tank liquor condensate waste from In-Tank Solidification 
14 Unit 2 at the 241-BY Tank Farm (DOE-RL 1993b). Estimated quantities of 

primary contaminants discharged to the 216-BY Cribs are presented in 
Table 1-2. 

k-r.8 The 216-BY Cribs IRM plume is believed to have originated from liquid 
~ waste disposed at the 216-BY Cribs. The regional groundwater flow, influenced 
~ O by the high-volume discharges to the 216-8-3 Pond (B Pond) System, rras been 
__:-::1 primarily to the north and northwest, toward the Gable Gap-Gable Mountain area 
~ Z-2 and past the 600 Area wells (Figure 1-3) north of the 216-BY Cribs. The 

23 present distributions of the 6°Co, 99Tc, cyanide, and nitrate plumes have been 
24 generally described in Section 1.2.1 and presented in Figure 1-3. 
25 
26 The Phase I Remedial Investigation Report for 200-BP-1 Operable Unit 
27 (DOE-RL 1993c) also reported historically high levels of gross beta, 6°Co, 
28 ~0Sr, 137Cs, nitrate, and tritium from the groundwater samples taken at both 
29 Wells 699-50-53A and 699-49-55A since initial sampling. The levels remained 
30 high through the 1950's and 1960's and then declined in the 1970's and early 
31 1980's. Specific constituents such as chloride, 6°Co, nitrate, and sulfates 
32 then began to increase at Wells 699-50-53A and 699-49-55A from 1982 to 1986. 
33 Although groundwater data is lacking, 99Tc and cyanide concentrations were 
34 also suspected to have increased at that time. Cesium-137 concentrations also 
35 increased at Well 699-49-55A in the same time period, but by 1987 137Cs 
36 concentrations had begun to drop at this well. Appendix A summarizes 
37 constituent concentrations between January 1, 1988 and January 1, 1994. 
38 
39 Estimates of IRM plume contaminant mass, based on information developed 
40 for the 200 East Groundwater AAMSR (DOE-RL 1993a), are presented in Table 1-2. 
41 The estimates for contaminant mass in the plumes are based on computer 
42 generated contours of groundwater sampling data and an assumed plume thickness 
43 of 33 ft. Information gathered by this treatability test program will be used 
44 to refine estimated plume and aquifer geometries and better define constituent 
45 mass distribution. As discussed in the 200 East Groundwater AAMSR 
46 (DOE-RL 1993a, Section 4.0), although contaminants have migrated from the 216-
47 BY Cribs, they are confined to the groundwater and are not directly exposed to 
48 the surface environment. There are no known existing release exposure 
49 pathways and, currently, no known human or environmental receptors associated 
50 with the 216-BY Cribs IRM plume. 
51 
52 Well 699-50-53A has the thinnest (1.0 ft) saturated unconfined aquifer 
53 interval in the vicinity of the 216-BY Cribs IRM plume test area (Kasza et al. 
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1993). The well is located just south of a subsurface structural basalt high 
that extends above the current groundwater table north of the well. Wells 
699-49-55A and 699-49-57A, located. south and west of Well 699-50-53A, are 
situated in a thicker portion of the unconfined aquifer. Based on the most 
recent groundwater level measurements the saturated thickness is approximately 
10 ft at Well 699-49-SSA and about 9 ft at Well 699-49-57A. At both well 
locations, the screened interval is reported in the drilling logs to be a 
gravel unit above the top of the basalt. 

Aquifer data in the vicinity of the 216-BY Cribs IRM plume is limited. 
However, based on the 200 East Groundwater AAMSR (DOE-RL 1993a), the hydraulic 
conductivity and transmissivity of the aquifer is expected to be relatively 
high. Specific information on well productivity and local water levels for 
the 216-BY Cribs IRM plume groundwater will be gathered as part of the 
treatability test. 

Data presented in the 200 East Groundwater AAMSR (DOE-RL 1993a) suggests 
there is little tendency for 6°Co and 99Tc to sorb to the fine-grained soil 
fraction in the Hanford formation. Cobalt-GO exists normally as a divalent 
cation in acidic to mildly alkaline solutions and is prone to sorbin~ onto 
soil via cation exchange. However, greater mobility is possible as °Co can 
form anion or neutral complexes. In particular, the association of 6°Co 
complexing with cyanide has been proposed as a means of explaining the 
observed mobility of 6°Co in the 216-BY Cribs IRM plume (DOE/RL 1993c). 
Technetium-99 typically forms negative ions in oxidizing environments and does 
not readily complex with other chemical species. Technetium-99 also has a low 
soil-water distribution coefficient (Kd) . Consequently, there is little 
tendency for 99Tc to sorb to the Hanford Site sediments making the 
radionuclide very mobile. Nitrate is a common byproduct from many of t he past 
chemical processes (e.g., uranium recovery). It is widespread since it is 
highly soluble in water and forms a negative ion that is not easily adsorbed 
to the soil. 

Based on the above geochemical information and current plume geometry, 
it is likely that 6°Co, 99Tc, cyanide, and nitrate are relatively mobile in 
saturated zone soils. These conclusions, in conjunction with the likelihood 
of high aquifer conductivity, support a high probability that pumping t he 
216-BY Cribs IRM plume groundwater can result in the removal of a sign i ficant 
contaminant mass. This treatability test plan discusses monitoring and other 
activities that will be conducted during the pilot-scale pump and treat test 
to confirm this expectation. 

1.3.2 216-B-5 Reverse Well IRM Plume Conceptual Model 

The 216-8-5 Reverse Well was drilled in late 1944 and became operational 
as a low-level liquid waste disposal structure in April 1945. The reverse 
well received about 8,100,000 gal of effluent that was discharged into the 
groundwater before well abandonment on September 19, 1947. Included in the 
waste streams was an estimated 4,275 gm of 23

~
240Pu, 3,800 Ci of Beta emitters, 

76 Ci of 90Sr, 81 Ci of 137Cs, and 160 Ci of 106Ru (Maxfield 1979). Some of 
this material was retained (via gravity settling) in the 241-B-361 Settling 
Tank located upstream from the reverse well, but an estimated 2,000 gm of 
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1 2391240 Pu went into the well (Smith 1980). Estimated quantities of primary 
2 contaminants discharged to the 216-B-5 Reverse Well are presented in 
3 Table 1-2. 
4 
5 A previous investigation bl Smith (1980) showed there was little 
6 migrati.on of 90Sr, 137Cs, or 239124 Pu horizontally from the reverse well within 
7 the a9uifer (Figures 1-6, 1-7, and 1-8). The current distributions of the 
8 90Sr, 37Cs, and 2391240 Pu plumes have been generally described in Section 1.2.2 
9 and presented in Figure 1-4. Appendix A summarizes concentrations for other 

10 constituents detected in wells in the vicinity of the 216-B-5 Reverse Well. 
11 Estimates of the quantities of primary contaminants present in the 216-B-5 
12 Reverse Well IRM plume are presented in Table 1-2. Strontium-90, 137Cs, and 
13 2391240 Pu migration from the 216-B-5 Reverse Well has been minimal. As 
14 discussed in the 200 East Groundwater AAMSR (DOE-RL 1993a, Section 4.0), there 

:::r;S are no existing release exposure pathways and, currently, no known human or 
6 environmental receptors associated with the 216-B-5 Reverse Well IRM plume. 
7 

~ 8 Historical groundwater level changes across the 200 East Area are 
9 attributed to the operation of the B Pond System, which has dominated the 
0 groundwater flow pattern in 200 East Area (DOE/RL 1993a). Since the start of 

.....:21 discharges to the B Pond System in April 1945, area-wide groundwater table 
C!l22 elevations have generally increased and the flow directions at the 216-8-5 

23 Reverse Well have changed from an east to a northwest trend. Continuing 
24 discharges to the B Pond System have produced a significant increase in the 
25 elevation of the groundwater table, but done little to mobilize the primary 
26 contaminants. Of the three radioisotopes, 137Cs appears to have been the most 
27 mobile at the time of dischar~e as it has spread over a relatively greater 
28 volume of the aquifer. The 9 Sr and 239n40 Pu radionuclides are much less 
29 mobile and occupy roughly the same volume of the aquifer in similar 
30 distribution patterns as illustrated in Figures 1-6, 1-7 and 1-8. The 
31 relative immobility of 90Sr and 2391240 Pu is attributed to their adsorption to 
32 silt and clay particles in the sediment (Smith 1980). 
33 
34 Available information about the 216-B-5 Reverse Well indicates a 
35 contamination zone that developed when the waste stream containing 90Sr, 137Cs, 
36 239n40 Pu, and other radionuclides encountered the uppermost unconfined aquifer 
37 at the time of injection (Smith 1980). Some constituents such as 106Ru, which 
38 are soluble in water, were quickly transported away from the well site or 
39 decayed. Less soluble radionuclide species (those with a high Kd value) 
40 sorbed to the silt and clay fractions of the Ringold gravels in the immediate 
41 vicinity of the well. Repeated injection of waste to the aquifer occurred 
42 coincidently with the early stages of groundwater table elevation increases 

· 43 attributable to the influence of the B Pond System operation. This resulted 
44 (by 1980) in a 6- to 10-ft thick zone of elevated 90Sr, 2391240 Pu and, to a 
45 lesser degree, 137Cs concentrations (Figures 1-6, 1-7, and 1-8). 
46 
47 The contaminant IRM plumes are located in an aquifer that is under 
48 unconfined hydraulic conditions (Connelly et al. 1992). The bottom of the 
49 aquifer is basalt at an elevation of about 328 ft above mean sea level (msl). 
50 The aquifer is contained in the Ringold Formation Unit A. This unit is 
51 described by Lindsay et al. (1992) as being clast-supported granule to cobble 
52 gravel with a sandy matrix. The local elevation of the water table is 
53 approximately 402 ft above msl. The saturated thickness of the aquifer is 
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1 about 45 ft in the vicinity of the 216-8-5 Reverse Well. Flow direction is 
2 difficult to determine because of the very flat gradient in the local water 
3 table. Caggiano (1993} calculated a hydraulic gradient of 0.00006 in the 
4 vicinity of the BX-BY tank farms, 2,000 ft northeast of the 216-8-5 Reverse 
5 Well, with the flow being generally towards the northwest to north. 
6 
7 Aquifer transmissivity has been determined from data collected from a 
8 constant discharge test at Well 299-E28-27 (Newcomer et al. 1992), located 
9 approximately 2,200 ft northwest of the 216-8-5 Reverse Well. The 

10 transmissivity was determined to be greater than 48,000 ft 2/day, yielding an 
11 equivalent hydraulic conductivity of greater than 4,800 ft/day (based on local 
12 aquifer thickness). Connelly et al. (1992) shows the hydraulic conductivity 
13 for the area around the 216-8-5 Reverse Well as ranging between 5,000 and 
14 10,000 ft/day. Using a known hydraulic gradient of 0.00006 and a conservative 
5 hydraulic conductivity value of 5,000 ft/day, and with an assumed effective 
6 porosity of 20%, an average linear velocity of approximately 1.3 ft/day can be 
7 calculated. This high velocity suggests that contaminants would tend to 
8 migrate rapidly unless sorbed to soil particles or flow is otherwise retarded. 
9 
0 Based on information in Appendix A, the groundwater pH ranges between 
1 6.4 and 9.0 at the 216-8-5 Reverse Well. Plutonium-239/240 possesses 5~
3
2 significant sorption properties over a pH range of 4 to 8.5 in Hanford Site 

, soils (DOE/RL 1993c). Above a pH of 8, 2391240 Pu is moderately mobile. 
24 Strontium-90 exists as a divalent cation within the pH range of groundwater 
25 (usually 6 to 8) and can sorb to Hanford Site soils by cation exchange over a 
26 pH range down to about 4 to 5. Sorbtion is also dependent on 
27 oxidation/reduction potential (eH); however, little information is available 
28 on eH conditions in Hanford Site soils. In a saturated environment, 
29 competition between 90Sr and calcium-rich wastes may lead to greater apparent 
30 mobility for 90Sr. Cesium-137 exists as a monovalent cation within the range 
31 of Hanford Site soil types and groundwater pH values and sorbs readily to 
32 soils by ion exchange down to a pH of 3. Sorption is also dependent upon the 
33 concentrations of other cations, which may explain the greater apparent 
34 mobility of 137Cs at the 216-8-5 Reverse Well. 
35 
36 Based on the ~eochemical information presented above, it is likely that 
37 90Sr, 137Cs, and 23912 0 Pu are sorbed to saturated zone soils and are relatively 
38 immobile around the 216-8-5 Reverse Well. The evidence of a relatively high 
39 hydraulic conductivity and groundwater flow rate implies adequate opportunity 
40 existed for 90Sr, 137Cs, and 2391240 Pu to have migrated. Yet their distribution 
41 in the aroµndwater relative to their original disposal location indicates that 
42 90Sr, 131Cs, and 2391240 Pu (Figures 1-6, 1-7, and 1-8) are not readily 
43 transported in groundwater but reflect the equilibrium of soil sorbed 
44 contaminants with groundwater. These conclusions support a high probability 
45 that pumping the 216-8-5 Reverse Well IRM plume groundwater is not likely to 
46 result in the extraction of significant contaminant mass. 
47 
48 This treatability test plan includes specific information needs and 
49 activities (as discussed in Sections 2.0 and 3.0) to be addressed during the 
50 pilot-scale pump and treat test to evaluate this conceptual model. The focus 
51 will be to determine if groundwater pumping can effectively extract primary 
52 contaminants present in the aquifer in the vicinity of the 216-8-5 Reverse 
53 Well. 
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' Figure 1-3. 216-BY Cribs IRM Plume . 
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Figure 1-4. 216-B-5 Revers·e· We.1.1 lRM Plume. · 
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.-- t , ) Table 1-1. Summary of 200-BP-5 ~.':-1~r·.::.l,ie Unit 
Contaminant Concentr~t ions. 

:•:.:,;.:•:• ::::=::::::::=· ~ . •· ' 1--·- ,,,.,.. --~ 
:iitfi:8~~t@ijuifoWlNJt@t:rnu .. :, :, ·~ '. · · . 

Well · Contaminant Units Average 

699-49-55A Technetium-99 pCi/L 3120.56 

Cobalt-60 pCi/L 80.25 

Cyanide (Total) ppb 59.10 

Nitrate ppm 101 .69 

699-50-53A Technetium-99 pCi/L 19169.10 

Cobalt-60 pCi/L 440.21 

Cyanide (Total) ppb 893.20 

Nitrate ppm 397.27 

299-E33-7 Technetium-99 pCi/L 2152.86 

1--Co_ba_l_t-6_0 _________ _ --1 _____ ; _r,i,'.!:;_--1,_----3-9,58 

Cyanide (Total) ppb 33.60 - ----l 
Nitrate ppm '> .03 

699-52-54 1,,chnetium-~'? _ pCi/L 1000.67 
-.,....----,,----t-_,;;...:.....-'----+-----

Cobalt-60 p Ci/ L 2b.10 

Cyanide (Total) ppb 30.40 

Well Contaminant Units Average 

299-E28-23 Strontium-90 pCi/L 4396.25 

Plutonium-239/40 pCi/L 68.75 

Cesium-137 pCi/L 1328.4 

299-E28-24 Strontium-90 pCi/L 196.17 

Plutonium-239/40 pCI/L 34.37 

Cesium-137 pCi/L 112.31 

299-E28-25 Strontium-90 pCi/L 5148.57 

Plutonium-239/40 pCi/L 16.67 

Cesium-137 pCi/L 246.53 

299-E28-7 Strontium-90 pCi/L 75.59 

Plutonium-239/40 pCi/L 0.05 

Cesium-137 pCi L 10.0 

Source: WHC, 1993a, Groundwater Field Characterization Report for the 200 Aggregate 
Area Management Study, WHC-SD-EN-Tl-020, Rev. 0, Westinghouse Hanford 
Company, Richland, Washington. 
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Table 1-2. Summary of 200-BP-5 0perabl o un· t Conceptual Model Data. 

Dissolved Half ,\verage Drinking Mobility Primary 
Quantity Plume life Cone . in Water (Kd in Decal 

Plume Contaminant disposed• Quantityb (yr)b , Max. wellc Standard mL/g)b Mode 

216-BY 6oCo 0.45 Ci 0.43 Ci 5.3 I 369 pC i/L 100 pCi/L Low (2000) y 
Cribs ssTc IRM [unknown] 21. 9 Ci 213,000 15,668 4,000 High (0) p 
Plume pCi/L pCi/L 

Cyanide 13,900 kg 985 kg -- 741 ppb 200 ppb High (0.1) --
Nitrate 5,650,500 kg 740,000 kg -- 501 ppm 45 ppm High (0) 

216-8-5 . sosr 76 Ci 0.17 Ci 28.5 5028 pCi/1_ 8 pCi/L Moderate p 
Reverse (20) ... 

Well ·,.i. ; 

IRM 131Cs 81 Ci 0.014 Ci 30 1546 pCi/ l 120 pCi/ l Low (500) v (daµghter 
Plume product 

decay) 
23s1240Pu 2,000 gm 0.0006 Ci 24,400/ SJ pCi 'L 1 pCi/L Low (2000) a • 

(ca. 300 Ci) 6,560 , ___ 
SOURCES: 
a Data on quantity disposed from Maxfield (1979), Smit' · (1980), and Phase I Remedial Inves t igation 

Report for 200-BP-1 Operable Unit (DOE-RL 1993c). r ·!utonium converted from mass to activity 
according to average specific activity for 239 Pu anJ M

0Pu; cyanide data converted from 
ferrocyanide data. 

b Data on plume quantity, half life, mobility, and primary decay mode from 200 East Groundwater 
AAMSR (DOE-RL 1993a). 

c Data on average concentration in maximum well from Table J -1. 
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1 2.0 ALTERNATIVE AND TECHNOLOGY DESCRIPTION 
2 
3 
4 A tentative change described in Tri-Party Agreement (Ecology et al. 
5 1989a) Change Control Form M-13-93-03 (September 30, 1993) requires that the 
6 DOE begin pilot-scale pump and treat operations after August 31, 1994, in the 
7 200-BP-5 Operable Unit. This treatability test plan outlines two pilot-scale 
8 pump and treat systems, one for the 216-8Y Cribs IRM plume and one for the 
9 216-8-5 Reverse Well IRM plume. This section describes pump and treat as a 

10 potential interim action alternative, including discussions of contaminant 
11 extraction from each of the IRM plumes and the treatment technologies to be 
12 tested. The purpose of these discussions is to generally delineate the major 
13 ambiguities for which test performance and DQOs should be developed 
14 (Section 3.0), and which the treatability test system should be designed and 
5 operated to accommodate (Section 4.0). 
6 
7 Specifically, Section 2.1 provides an overview of pump and treat, 

Nf·• 8 discusses the ability of the pump and treat alternative to effectively extract 
9 contaminants from the 216-8Y Cribs and 216-8-5 Reverse Well IRM plumes, and 
0 presents potential limitations that may be encountered and preliminary 

~ i l methodologies for responding to these potential limitations. Section 2. 2 
5-82 discusses the treatment and potential pretreatment technologies to be 

23 evaluated, the rationale for selecting them, and the major considerations that 
24 should be anticipated when developing a treatment system to effectively remove 
25 c,: taminants from groundwater after it has been pumped from the aquifer. 
26 
27 
28 2.1 PUMP AND TREAT ALTERNATIVE 
29 
30 Pump and treat involves the withdrawal of contaminated groundwater, 
31 treatment above ground using appropriate pretreatment and treatment 
32 technologies (e.g., filtration and ion exchange), disposition of secondary 
33 waste streams, and disposition of treated groundwater via return to the 
34 aquifer or other methods. The pump and treat alternative has an added benefit 
35 in that the extraction of groundwater, as well as the selective return of 
36 treated groundwater, can be used to hydraulically control plume expansion. 
37 Pump and treat system effectiveness depends on a variety of factors, including 
38 aquifer properties, contaminant characteristics, and treatment system 
39 operating parameters. Treatment technologies have been shown to be effective 
40 at treating groundwater in which contaminants are relatively concentrated and 
41 mobile. For example, a previous groundwater remediation effort in the 
42 vicinity of U Plant in the 200 West Area demonstrated that ion exchange pump 
43 and treat can effectively remove uranium at high concentrations in the 
44 groundwater at that location (Delegard et al. 1986). However, treatment 
45 technologies become less cost effective as primary contaminant concentrations 
46 decline. In these cases, greater volumes of groundwater must be circulated 
47 through the system to remove an equivalent contaminant mass. 
48 
49 As discussed in Section 9.0 of the 200 East Groundwater AAMSR 
50 (DOE-RL 1993a), an IRM should not be undertaken to specifically meet cleanup 
51 limits or federal or state ARARs (e.g., maximum contaminant levels), but 
52 should be based on risk reduction. Under the IRM, the selected groundwater 
53 interim action should proceed until the response objective (e.g., reduction in 
54 risk) is met, a point of diminishing returns is reached, or natural 
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attenuation exceeds active trP. atment. The !RM should be discontinued if one 
of these conditions is met, and any residual contamination should be addressed 
in the final remedy selection process. This will be discussed in the !RM 
Proposed Plan and Interim Action ROD to be developed following completi on of 
this pilot-scale treatability test program. 

A pump and treat treatability test program should include an assessment 
of potential limitations of the aquifer/contaminant system on the success of 
pump and treat as an interim action alternative. These limitations generally 
fall into two categories: hydraulic, which affect the ability to withdraw 
contaminated groundwater from the aquifer at an effective pumping rate; and 
physical/chemical, which affect the ability of pumped groundwater to carry 
primary contaminants with it, thereby facilitating extraction of the 
contaminants from the aquifer. The conceptual models of the 216-BY Cribs and 
216-B-5 Reverse Well !RM plumes (Section 1.3) discussed the groundwater 
conditions and aquifer properties expected for the respective 
aquifer/contaminant systems. The following sections discuss the potential for 
hydraulic and physical/chemical limitations to be encountered for each of the 
!RM plumes and, if limitations are ant icipated, methodolog ies for responding 
to these potential limitations. 

2.1.1 216-BY Cribs IRM Plume Pur.1;;- and Treat Alternative 

As discussed in the conceptual model for the 216-BY Cribs !RM plume 
(Sect ion 1.3.1), the primary contaminant~ in this !RM plume are very mobile, 
which accounts for their presence so far from the probable source of the 
contamination, the 216-BY Cribs. The only primary contaminant which does not 
have an inherently high mobility, as predicted by low Kd values (Table 1-2), 
is 6°Co. However, this plume constituent is thought to be complexed with 
ferrocyanide in such a way that it is also very mobile (DOE-RL 1993a). This 
would account for the apparent high mobility of 6°Co, as evidenced by its 
presence far from the contamination source and its spatial association with 
the cyanide plume. This high mobility indicates that the 216-BY Cribs !RM 
plume primary contaminants move with the groundwater. If the groundwater can 
be withdrawn from the aquifer through pumping, then it is expected that a 
significant amount of the total (adsorbed and dissolved) primary contaminant 
mass could also be brought to the surface to be treated. 

One possible limitation for recovering primary contaminants from the 
216-BY Cribs !RM plume is that the saturated thickness of the aquifer may be 
constricted in the vicinity of the !RM plume. If this limitation exists, even 
though the hydraulic conductivity is expected to be reasonably high, only a 
limited amount of groundwater could be produced by pumping a given well in 
this area. If this condition affects the ability to effectively extract a 
significant contaminant mass from the aquifer, it may be necessary during 
treatability testing to evaluate alternative wells, still in the central 
portion of the !RM plume, and their utility for achieving a more efficient 
pumping rate. 

Methodology to address potential limitations will likely include 
hydraulic tests, such as well production tests, and stratigraphic 
interpretation. Groundwater primary contaminant concentrations will be 
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1 monitored to confirm the expectation that primary contaminants are being 
2 extracted with the pumped groundwater. However, monitoring and test 
3 activities already planned under the treatment system testing will be 
4 sufficient to assess the effectiveness of groundwater withdrawal and mass 
5 removal of primary contaminants from the 216-BY Cribs !RM plume. 
6 
7 
8 2.1.2 216-8-5 Reverse Well IRM Plume Pump and Treat Alternative 
9 

10 As discussed in the conceptual model for the 216-B-5 Reverse Well !RM 
11 plume (Section 1.3.2), this !RM plume is present in a fairly thick and 
12 productive portion of the aquifer (thus easy to withdraw water from), but the 
13 primary contaminants are relatively immobile. Although groundwater has been 
14 measured to have primary contaminants present at concentrations above drinking 
5 water standards, a significant proportion of these same contaminants are 
6 adsorbed onto the soil particles in the aquifer. The two forms (phases) of 

('- 7 the contaminants, adsorbed and dissolved, are expected to be in equilibrium in 
the saturated zone of the aquifer, with the Kd value (estimated in Table 1-2) 

9 representing the ratio between the concentrations in the two phases. 
0 

;;1 1 In addition, the 216-B-5 Reverse Well !RM plume is at or near the 
2 groundwater divide between the groundwater flow regime to the south and east, 

23 toward the Columbia River at a location near the 300 Area, and that to the 
24 north, through Gable Gap and toward the river near the 100 Areas. This 
25 groundwater divide is caused to some extent by the hydraulic influence of t he 
26 B ?and System, where a large quantity of wastewater has been disposed of 
27 during much of the history of the Hanford Site. Because of the presence of 
28 the divide, groundwater gradients in the area of the 216-B-5 Reverse Well are 
29 very low. Consequently, groundwater flows through this contaminated portion 
30 of the aquifer have also been very low, and very little interchange has 
31 occurred with cleaner water coming in from other portions of the Hanford Site. 
32 This situation has resulted in the groundwater probably having had sufficient 
33 time to reach equilibrium with the primary contaminants in the aquifer soils. 
34 
35 When pumping for the treatability test begins, this equilibrium will 
36 begin to be disturbed. Initially, primary contaminant concentrations in the 
37 water withdrawn should be relatively consistent with historic groundwater 
38 analytical results. Approximate volumetric estimates, derived using 
39 information from Smith (1980) and Ford (1993), indicate that there may be on 
40 the order of 3,000 to 30,000 gal of water contaminated at the highest 
41 historically measured concentrations (e.g., in the range of 5,000 pCi/L for 
42 90Sr). After this highly contaminated groundwater is pumped, other, less 
43 contaminated water will flow into the area from beyond the highly contaminated 
44 zone. To some extent, this water will desorb some portion of the primary 
45 contaminants as it passes through the contaminated aquifer, although the 
46 kinetics of the phase transformation (how quickly the contaminants come off 
47 the soil particles) is unknown at this time. If this transformation process 
48 is slow, concentrations of the primary contaminants in the extracted 
49 groundwater will steadily decrease. Concentrations should eventually approach 
50 a lower concentration limit that will depend on the partitioning of the 
51 primary contaminants between the water and soil particles (Kd value) and the 
52 rate at which the contaminants can desorb from the soil particles as 
53 surrounding cleaner groundwater is drawn through the aquifer and into the 
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well. In this event, concentrations would return to the hi storicall y higher 
levels only by stopping the pump1 ng and thereby allowing suffici ent residence 
time for the p~ase transformation (i.e., desorption and equili bration) to 
occur between the inflowing groundwater in contact with the contaminated 
aquifer soils. 

It is the objective of contaminant extracti on t esting to determine the 
feasibility of pump and treat technology to ext ract contaminants from the 
216-B-5 Reverse Well IRM plume. In addition to the ability to effectively 
recover the primary contaminants from the aquifer materials in the 216-B-5 
Reverse Well IRM plume, the hydraulics of removal (associated with the ability 
to pump a sufficient quantity of groundwater) will need to be evaluated. This 
will require development of aquifer parameters, which will be linked 
inherently with the assessment of the ability to extract and recover the 
primary contaminants. These assessments will require development of the 
following: 

• appropriate pumping regimes, including cycling times (periods of 
pump shutdown t ime before restart of pumpi rg), pumping locations 
(selection of we1 1s), and ~umping rates 

suitab g (optimized) 1ocation~ for treated water retu rr to t :e 
aquifer 

~ an accurate intc-roretaV on o;' the hyu rngeologic system, inci •:ding 
the likely need f0 ~ a comp ut er model, using a system such as 
PORFL03, of the hydrogeology and the contaminant transfer and 
transport phenomena at the site. 

After the extraction (and return) system is optimized, it will then be 
appropriate to determine the long-range effectiveness of the pump and treat 
alternative. 

Methodology to address effectiveness of pump and treat for the 216-B-5 
Reverse Well IRM plume will likely include a number of hydraulic tests, such 
as pump tests and slug tests, and stratigraphic interpretation. Groundwater 
primary contaminant concentrations will be monitored to assess effectiveness 
of primary contaminant mass removal by the pilot-scale pump and treat system. 
Test performance and DQOs associated with contaminant extraction testing are 
addressed in Sections 3.1.2 and 3.2.2, respectively. Specific contaminant 
extraction test activities, including test design, operation, and monitoring, 
are described in Section 4.2. 

2.2 TREATMENT TECHNOLOGY 

Ion exchange will be implemented as the treatment technology for each of 
the two IRM plumes in the 200-BP-5 Operable Unit pilot-scale groundwater 
treatability test. Ion exchange is a unit orocess that removes dissolved 
radioactive and nonradioactive ions (e .g., !loco, 90Sr, 99Tc, 137Cs, 2391240Pu, 
cyanide, and nitrate) from an aqueous solution (e.g., groundwater) by 
exchanging the ions with complementary ions attached to sites on the surface 
of an insoluble support material (typically, beads of synthetic organic 
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1 resin). In cation resins (designed to remove positively charged ions), the 
2 exchange sites usually contain hydrogen ions, but they may also contain sodium 
3 or ammonium ions. In anion resins (designed to remove negatively charged 
4 ions), the exchange sites usually contain hydroxide ions, but other ions such 
5 as chloride can be used. The ion exchange resin(s) that will be used for this 
6 treatabilitv test will be selected based on the ability to selectively adsorb 
7 6°Co, 90Sr, 'MTc, 137Cs, and 2391240 Pu. Contact between the ion exchange resin 
8 and the groundwater is achieved by the groundwater flowing through a vessel 
9 filled with resin. 

10 
11 Section 2.2.1 summarizes the rationale for identifying ion exchange as 
12 the treatment technology to be used in the treatability test. Section 2.2.2 
13 describes the ion exchange process, and potential and planned pretreatment 
14 processes as they will be applied to treat 6°Co and 99Tc in groundwater pumped 

O"'S;5 from the 216-BY Cribs IRM plume and to treat 90Sr, 137Cs, and 2391240 Pu in 
6 groundwater pumped from the 216-8-5 Reverse Well IRM plume. 
7 

"4f'l8 
C"..! 9 2.2.1 Treatment Technology Identification 

0 
;;~1 The primary reason for identifying ion exchange is that the technical 

2 · i terature, test and operating experience, and professional judgement indicate 
23 it will be effer.tive in treating primary contaminants in both of the IRM 
24 plumes. EPA evaluations of treatment at radioactively con taminated Superfund 
25 sites (EPA 1990), previous treatability studies at the Hanford Site (Delegard 
26 et al. 1986; Barney et al. 1992), operating experience at the Oak Ridge 
27 National Laboratory (Robinson 1990), and numerous municipal and industrial 
28 water treatment applications (Baker et al. 1988, Sorg 1989, 1991; Jelinek and 
29 Sorg 1988; and Del Cul et al. 1992) have shown that ion exchange is a mature 
30 and effective technology for selectively removing radionuclides from both 
31 wastewater and groundwater. Although the concentrations of contaminants were 
32 generally higher and the concentrations of potentially interfering 
33 constituents were generally lower in these applications compared with those 
34 measured in the two 200-BP-5 Operable Unit IRM plumes the results indicate 
35 that ion exchange will be effective in removing the 6°Co and 99Tc contained in 
36 ~roundwater withdrawn from the 216-BY Cribs IRM plume and the 90Sr, 137Cs, and 
37 39a 40 Pu contained in groundwater withdrawn from the 216-B-5 Reverse Well IRM 
38 plume. 
39 
40 If larger-scale operation is required in a future treatment system, the 
41 scaleup parameters for ion exchange systems are well defined. Ion exchange 
42 systems have been used to treat aqueous streams with large flow rates. Thus, 
43 if it is decided to further develop ion exchange, as a potential interim 
44 action alternative, scaleup to support detailed evaluation and/or design of a 
45 full-scale system will be a straightforward process. 
46 
47 In ion exchange, contaminants are adsorbed and, thus, immobilized on the 
48 surface of the solid resin. In applications such as this treatability test, 
49 where "spent" resin (i.e., resin that has reached its practical adsorption 
50 capacity) is removed from the system for disposal, contaminants leave the 
51 system fixed in a stable secondary waste matrix that will resist leaching and 
52 minimize risk from transportation mishaps, thus minimizing the possibility of 
53 future contamination or recontamination of the environment. Additionally, 
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1 final waste handling and disposal are straightforward ope rations. After spent 
2 resin is transferred from the vessel and dewatered; it is expected to meet 

.3 low-level waste acceptance criteria for long-te~m storage and/or final 
4 disposal. Facilities and expertise exist f 0· transferring, dewatering, 
5 packaging, storing, and disposing of spent resin. 
6 
7 The mechanical simplici ty of ion exchange technology combi ned with the 
8 ready availability of desi qn expertise and standard equipment support 
9 expeditious design, const ruction, and operation of pilot-scale ion exchange 

10 treatment systems for the 216-BY Cribs and 216-B-5 Reverse Well IRM plumes. 
11 Rapid deployment will be more consistent with achieving early risk reduction, 
12 thus furthering the primary goal of the IRM. The project plan is to construct 
13 skid-mounted systems that can be easily adapted to changes in test site 
14 locations, groundwater conditions {e.g., flow rates, contaminant 
15 concentrations), or treatability test DQOs. 
6 
7 

2.2.2 Treatment Technology Description 

0 Ion ext hange res i ~s will have a fi r.it.e ~d sorpticn capacity for primary 
'""'-=; l .ontaminants, r l ated to the number of ava1 ·:c1 bl e ion exchange sites. A 
~ 2 di st inct advantage of ion ~xchange is that· re~~n m~~ufac tu rers have produced a 
0 z3 wide vuriety ·of re -·ins that can be very selectiv~ fo r targeted ion(s). 

24 However, ~he pri m:::- :--y ccntaminan~s still may have to c011--:pete w:th other i 0r s 
25 found in grc 1ndwate; for ~~ese exch ange sites . Because t ~e cone~ .~rations~~ 
26 the primary contami nan~: :; ar~ sever a 1 orders of magnitude lt:: S$ than ·i;hi> e of 
27 other groundwater constituents {e.g., cyanides, nitrates, sulfates) in this 
28 treatability test, competing ionic species may determine resin: exhaustion 
29 rates. 
30 
31 When the resin is spent, breakthrough will occur. Breakthrough is the 
32 point in the resin loading cycle when the concentration of any one of the 
33 primary contaminants rises to a predetermined concentration in effluent from 
34 the resin bed. In designing an ion exchange system it is important to select 
35 resins which optimize adsorption of the primary contaminants and maximize the 
36 time to breakthrough. This will be accomplished through laboratory testing as 
37 described in Sections 3.0 and 4.0. 
38 
39 2.2.2.1 216-BY Cribs IRM Plume Treatment. Typically, an ion exchange 
40 treatment system includes one or more pretreatment units to condition the 
41 stream for optimum performance in the ion exchange unit. The pilot -scale 
42 treatment system to be implemented for testing at the 216 -BY Cribs IRM plume 
43 will include filtration and pH adjustment units for pretreatment . Depending 
44 on results of laboratory tests to be conducted as part of this treatability 
45 test, the system may also include a pretreatment system for destroying 
46 cyanide. 
47 
48 The chemical state of the 6°Co in the 216-BY Cribs IRM plume is not 
49 known with complete certainty. It may be present as simple cations or anions 
50 that will adsorb readily onto cation or anion resin, respectively. However, 
51 as discussed in Section 1.3.1, there is evidence that 6°Co may exist in a 
52 neutral complex with cyanide. The complexed state could pose potential 
53 difficulties in treating 6°Co using ion exchange. If laboratory-scale tests 
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indicate that the 6°Co can be treated by either anion or cation exchange, no 
additional treatment will be required. However, if ion exchange is not 
effective, then a cyanide destruction pretreatment process may be required to 
break the 6°Co/cyanide complex and convert the 6°Co to a form amenabl e to ion 
exchange. As a contingency, a preliminary design is being developed for a 
cyanide destruction pretreatment process. This process, described in more 
detail in Section 4.3, will be an alkaline chlorination process, developed on 
the basis of literature (Patterson 1985) and engineering experience. If it is 
necessary to implement this process as part of the treatability test, the 
laboratory tests will provide information useful in verifying and optimizing 
design and operating parameters for the pretreatment system. If cyanide 
destruction is required, the treatment system will be configured so that 
cyanide destruction precedes ion exchange . 

A filtration unit will be incorporated as a pretreatment technology to 
remove suspended solids contained in the groundwater before it enters the 
leading ion exchange bed. This pretreatment will minimize the potential for 
any inert and/or biologically active suspended solids to accumulate on the 
resin surface, masking the exchange sites, and resulting in loss of exchange 
efficiency. It will also minimize the potential for solids to plug the void 
spaces among the beads of resin and restrict flow through the bed. 
Furthermore, because many of the constituents in Hanford Si t e groundwater have 
an affi nity for the soil, there i~ the potential for removing contamination 
associated with the inert, suspended solids. 

A second filtration unit will be incorporated downstream of the ion 
exchange vessels to remove any suspended solids that may be formed by 
biological activity in the system, oxidation of dissolved species by exposure 
to the atmosphere, and/or by the addition of chemicals for pH adjustment or 
cyanide destruction. For example, adding sodium hypochlorite during alkaline 
chlorination will result in oxidation of any dissolved ferrous iron or 
manganous manganese to form insoluble precipitates. This downstream 
filtration will minimize any potential for plugging the return wells. 

Experience indicates that the pH of the aqueous stream can affect 
selectivity of a given ion exchange resin for a given ion. Thus, a pH 
adjustment system will be included as a pretreatment process in the treatment 
system to support optimization of stream pH. The pH adjustment system will 
include means for adding sodium hydroxide to increase pH (or hydrochloric acid 
to reduce it) before the stream enters the ion exchange vessels and to 
neutralize the pH before the stream is returned to the aquifer. 

2.2.2.2 216-B-5 Reverse Well IRM Plume Treatment. The ion exchange treatment 
process for removing 90Sr, 137Cs, and 239n40 Pu from groundwater extracted from 
the 216-8-5 Reverse Well IRM plume will be configured essentially the same as 
the process described in Section 2.2.2.1 for treating groundwater from the 
216-BY Cribs IRM plume. Specifically, the treatment system will include the 
basic ion exchange unit as well as the pH adjustment and filtration 
pretreatment steps described above. However, depending on the results of 
laboratory tests, different ion exchange resin(s) may be used to provide 
enhanced selectivity for 90Sr, 137Cs, and 2391

~
40 Pu. Also, it is not anticipated 

that any pretreatment will be required beyond the pH adjustment , 
neutralization, and filtration steps described in Section 2.2.2.1. Since no 
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I ionic complexing is evident for primary contaminants in this IRM plume, 
2 pretreatment of the type described in Section 2.2.2.1 for cyanide destruction 
3 is not anticipated. 
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3.0 TREATABILITY TEST PERFORMANCE AND DATA QUALITY OBJECTIVES 

Test performance objectives and DQ0s are used to clarify and guide the 
testing process and to outline the quality and quantity of data needed for 
this treatability test program. Test performance objectives identify 
information needs required to evaluate the pilot-scale pump and treat 
alternatives. The DQOs link the information requirements with the intended 
data use to define the level of quality required for the measured variables. 
Data quality needs are defined by specifying precision, accuracy, 
representativeness, completeness, and/or comparability (PARCC) requirements. 

There are two overall questions that this treatability test plan seeks 
to answer and that consequently affect the test performance objectives and 
DQ0s presented in this section: 

• Can the treatment and potential pretreatment technologies 
identified in Section 2.0 effectively reduce concentrations of 
99Tc, 6°Co, 90Sr, 137Cs, and 2391240 Pu in groundwater pumped from the 
216-BY Cribs and 216-B-5 Reverse Well IRM plumes? 

• Can ~roundwater pumping effectively extract 90Sr, 137Cs, and 
23

~
24 Pu from the 216-B-5 Reverse Well IRM plume? 

This treatability test plan describes a number of test and development 
steps, including laboratory tests, pilot-scale treatment testing, and aquifer 
assessments, intended to answer the above questions. The following sections 
describe the test performance objectives and DQ0s for these elements of the 
treatability test program . Given the relative similarities in the primary 
contaminants and anticipated treatment systems at the 216-B-5 Reverse Well IRM 
plume and the 216-BY Cribs IRM plume, the same treatment test performance 
objectives have been developed for and will be applied to the treatment 
systems under consideration. However, separate DQ0s have been developed for 
the two IRM plumes to facilitate developed of detailed design, operating 
procedures, and monitoring activities. Test performance objectives and DQ0s 
for contaminant extraction testing are discussed only for the 216-8-5 Reverse 
We 11 I RM pl ume. 

3.1 TEST PERFORMANCE OBJECTIVES 

Test performance objectives are typically most useful when comparing two 
or more distinct technologies available for use with a given problem or 
contaminant. However, they also have use in stating the overall objectives 
for this treatability test plan and helping to define the DQ0s. The following 
sections present the test performance objectives for evaluating the pilot ­
scale treatment systems to be tested at the 216-8Y Cribs and 216-8-5 Reverse 
Well IRM plumes, and the test performance objectives for contaminant 
extraction from the 216-8-5 Reverse Well IRM plume aquifer. 
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3.1.1 Treatment Test Performance Objectives 

The primary test performance obje~t ive fc( th~ pilot-scale treatment 
s) ~tems is to determine the removal efficiency t~at can be achieved for the 
primary contaminants 6°Co ~rid 99Tr: in ~roundwater extracted from the 216-BY 
Cribs IRM plume, and 90Sr, 137Cs , and 391240 Pu in groundwater extracted from the 
216-B-5 Reverse Well IRM plume. Test performance objectives are divided into 
three categories: measurement of the effectiveness of ion exchange treatment; 
assessment of parameters or factors influencing the ion exchange operation; 
and determination of the resource needs associated with the test. Specific 
objectives under each of the three categories include the following: 

• Effectiveness 

Determine the effectiveness of the ion exchange system to 
consistently remove 6°Co and 99Tc (or 90Sr, 137Cs, and 
239n40 Pu) from the groundwater . 

Identify ootimum/P.referred ion exchange resinfs) for 
removing 66Co and 99Tc (or 90Sr, 137Cs, and 23912

~
0 Pu). 

Assess the impact an~ removal of nitrate as a secondary 
contaminant in both !RM plumes. 

Dete,''.•/ ~,e if 60Lo in the 216-BY Cribs IRM plume is amenable 
to ion LXC~ange treatment . If ion exchange is not 
effective, determine if alkaline chlorination can break the 
6°Co/cyanide complex and convert the 6°Co amenable to 
subsequent ion exchange. 

If cyanide destruction is required, assess design/operating 
parameters associated with removal of cyanide as a secondary 
contaminant of the 216-BY Cribs IRM plume. 

• Operating Parameters 

200-BP-5 · 01/25/94 

Refine operational configurations, requirements, and 
procedures. 

Assess impacts of groundwater constituents on operational 
efficiency. 

Assess operating parameters (e.g., flow rates, chemical 
doses, residence times, pH, oxidation/reduction potential) 
to optimize treatment efficiency. 

Demonstrate operational reliability and safety of an ion 
exchange-based treatment system at a scale sufficient to 
allow scale up to a full-scale remedial system. 
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• Resource Requirements 

Develop estimates of significant cost components, including 
equipment and material costs; resin contaminant exchange 
capacity, exhaustion rate, and cost; electrical power and 
utility costs; chemical costs and use rates; process residue 
and secondary waste management costs; maintenance 
requirements; and operator and personnel requirements. 

Refine health and safety requirements. 

3.1.2 Contaminant Extraction Test Performance Objectives 

Contaminant extraction testing will be performed at the 216-B-5 Reverse 
Well IRM plume. It is anticipated that contaminant removal at the 216-BY 
Cribs IRM plume will not require testing beyond normal process monitoring as 
described in Section 4.3.4.1. Specific contaminant extraction test procedures 
are described in Section 4.2. 

The primary test performance objective for the contaminant extraction 
portion of the treatability test in the 200-BP-5 Reverse Well IRM plume is to 
assess the potential for recovering the primary contaminants (90Sr, 137Cs, and 
2391240 Pu) which are in or associated with IRM plume groundwater, and, if 
recovery is possible, develop an estimate of the rate at which primary 
contaminants could be extracted from the aquifer. This primary objective also 
involves a number of ancillary objectives which will enhance meeting the 
ultimate objective. These objectives are grouped into three categories: 
measurement of the effectiveness of the contaminant extraction process; 
assessment of aquifer parameters or operational procedures to allow 
optimization of the contaminant extraction process; and determination of 
resource needs. Specific objectives under each of the three categories 
include the following: 

• Effectiveness 

Determine the effectiveness of contaminant recovery for the 
primary contaminants from the aquifer matrix during 
implementation of a full-scale pump and treat system. 

• Parameters for System Optimization 

200-BP-5 - 01/25/94 

Refine aquifer hydraulic properties, primary contaminant 
distribution properties, and estimates of total contaminant 
quantities, to allow prediction of long-term recovery 
effectiveness. 

Optimize pump cycling (in regard to pumping rates, aquifer 
re-equilibration times, and moving pumping among available 
wells) to maximize recovery. 
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Deve 1 op a comp1 ,ter mode 1 of 1 oca 1 groundwater fl ow and 
primary contar/rnant phase transformation and transport in 
ord~.:r to es~ 1mate aquifer a11d geochemi ca 1 parameters and 
predict 1, ng-~~rm system performance. 

• Resource Requirements 

Develop estimates of significant cost contributors, 
including electrical costs of pumping , installation of 
additional wells, technical personnel time to interpret 
process effectiveness, and analytical costs. 

3.2 DATA QUALITY OBJECTIVES 

According to the EPA document Data Quality Objectives for Remedial 
Response Activities (EPA 1987) and as developed in the 200 East Groundwater 
MMSR (DOE-RL 1993a), DQOs are qualitative and quantitative statements that 
specify the quality of data required to suoport remedial action decisions. 
DQOs are determined based on the end uses o~ the data to be collected. The 
end use of the tredt abil ity study data is to :,•.:!)port t i:1? evaluation of 
alternatives that wi 1 i be include~ in the !RM Pr·0posed Pl an. To ensure that 
c ta collected are of suftiL ient quali ty to evalu~te the 10n exchange 
treJtment system , DQOs were developed. ~xpecte~ 11~~r~ of the test data 
includ~ ~ ~e follo~ :nq: 

• DOE, EPA, and Ecology remedial project managers 

• DOE, EPA, and Ecology unit managers 

• Westinghouse Hanford Company (WHC) remedial investigation 
coordinators. 

Sections 3.2.1 and 3.2.2 discuss DQOs for the treatment testing and the 
contaminant extraction testing, respectively. Analytical levels specified in 
this test plan are based on McCain and Johnson (1990). The DQOs will be 
provided in the sampling and analysis final plan being developed for the 
treatability test. These DQOs may be refined as the test equipment design and 
laboratory testing are completed. 

3.2.1 Treatment Data Quality Objectives 

The importance and ramifications of the remedial decisions that will be 
made and supported using the treatability test data form the basis for 
defining appropriate DQOs. Because the data will be used to support the 
remedy selection process for an interim action, DQOs were defined that are 
less rigorous than those required to support final remedial decisions or 
remedial designs. 

Data to assess treatment effectiveness and costs are considered critical 
to meeting the test objectives and require quantification with quality control 
checks (e.g., sample replication). The assessment of operating parameters 
will primarily support design optimization, which is considered to be less 
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1 critical. As a result, a qualitative engineering evaluation of operating 
2 parameters is required with a limited amount of quantification. 
3 
4 The test plan includes a combi ~~cion of lower level (Level s I and I I) 
5 and higher level (Levels III and Vl analyses to obtain the needed dat a in a 
6 cost-effective manner. F·:eld !> c: ·eening and field analysis t echni ques 
7 (Levels I and II) will be 1 ~cd for daily monitoring requirements or 
8 measurements to ensure qu i ck turnaround times required for process control. A 
9 limited number of confirmatory (Levels III and V) analyses are identified for 

10 critical information (e.g., pre- and post-treatment concentrations of primary 
11 contaminants). Specific DQOs for the laboratory-scale testing and pilot-scale 
12 treatment tests on groundwater from the 216-BY Cribs and 216-8 -5 Reverse Well 
13 IRM plumes are presented in Tables 3-1, 3-2, and 3-3, respectively. 
14 
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3.2.2 Contaminant Extraction Data Quality Objectives 

Data collected during contaminant extraction tests will be used to 
develop a numerical model of aqu i fer and primary contaminant response to 
groundwater removal and to optimiz~ pi l ot-scale treatment alternative 
effecti veness . Fi eld analytical data (f~~ld screening or field labor~t ory 
analysis) will be used to assess conta~i nant trea ~~ent effectiveness and i s 
~onsidered critical t o meeting test object ive~ - Th ~~ g data will require 
q~ ~ntific~t i0 with quality control checks (conf lrmato ~v sampling ) by Level 
III • Leve1 v an &1yses. Specific DQOs for conta~inant e> ~~action t 2~tinJ are 
identir' ;ed in -ilble ~-4. 

3.3 ADDITIONAL DATA USES 

In addition to meeting specific treatability test objectives , these data 
may also be used to satisfy other data needs or to support other interim 
action decisions (e.g., treatment of 90Sr in groundwater at the N Springs 
Operable Unit) including the following: 

• occupational health and safety 
• risk assessment 
• identification of additional characterization needs 
• interim action design and objectives 
• monitoring during interim actions 
• additional treatability tests. 
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Table 3-1. Data Quality Objectives for 
Laboratory-Scale Testing. (Sheet 1 of 2) 

Determine the preferred tes t chemistry of ion exchange 
resin(s), coupled with pretreatment system chemistr~ if 
necessary, which is suitable for removing 6°Co and Tc (or 
90Sr, 137Cs, and 2391240 Pu) from groundwater. 

Identify the preferred ion exchanae resin(s) effective at 
capturing 6°Co and 99Tc (or 90Sr, 1

'3 7Cs, and 1391240Pu) from 
groundwater samples. 

Prioritized Data Uses 

To support pilot-scale treatment system design (i.e . , resin 
selection and pretreatment requirements). 

Appropriate Analytical Level or Implementation Guidelines 

Protocols will follow establ i shed industr ial standards or 
EPA methods . Some analyses may requ ire met hod modification 
and/or development (Level V) 

Parameters to be Obtai ned 

200-BP-5 - 01/25/94 

Because of the limited scope of the laboratory testing 
program, the parameters to be obtained focus on the 
effectiveness of the resin and potential pretreatment 
processes as follows: 

Resin selection: 

• Concentrations of primary and secondary contaminants 
• pH, temperature, oxidation/reduction potential 
• Batch equilibria 
• Kinetics, rate of uptake 

Pretreatment: 

• 
• 

Effect of pH adjustment on removal efficiency 
Resin capacity and effectiveness in removing 6°Co with 
and without cyanide destruction pretreatment. 
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Table 3-1. Data Quality Objectives for 
Laboratory-Scale Testing. (Sheet 2 of 2) 

Required Detection or Measurement Limits 

Analytical detection limits and DQO requirements (PARCC parameters) 
will be identified in the sampling and analysis plan and quality 
assurance project plan. These requirements will focus on the 
effectiveness of the processes being tested. The following are DQOs 
for Level III analyses: 

Parameter Method CRDL[CROL"' Precision Accuracy 

00Co EPA 901.1 Variable ±20% 75-125% 

sosr EPA 905.0 Variable ±20% 75-125% 

ssrc TC-01 b/ 150 pCi/L ±20% 75-125% 

131cs EPA 901.0 Variable ±20% 75-125% 

2391240Pu SW-846 9310 15 pCi/L ± 20% 75-125% 

Cyanide 10 µg/L ± 20 % 75-125% 

Nitrate EPA 30:J, 3 52.1. 100µg/L ±20% 7 '6 ~ 15% 
353.3, ~1-3.2, 

354.1 

Critical Samples or Values 

• 
6°Co and 99Tc (or 90Sr, 137Cs, and 2391240Pu), cyanide, and nitrate 
concentrations in pre- and post-treatment samples, with and 
without cyanide destruction pretreatment. 

Constraints 

• 

a/ 

b/ 

c/ 

200-BP-5 • 01/25/94 

Representative samples are required of groundwater from each of 
the two IRM plumes. 

CRDL = contract required detection limit 
CRQL = contract required quantitation limit 

Per Environmental Measurements Laboratory Procedures Manual 
(DOE 1982). 

As specified in the Contract Laboratory Requirement's 
Statements of Work for inorganic analysis; all analytical 
methods, contract required detection limits, contract required 
quantitation limits, and precision and accuracy requirements 
shall be as specified therein without modification 
(DOE/RL 1993d). 
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Table 3-2. Data Quality Objectives for 216-BY Cribs 
IRM Plume Treatment Testing. (Sheet 1 of 3) 

Pilot-scale Treatability Test 

Objectives Assess effectiveness, o~eratingisarameters, and costs of using 
ion exchange to remove 0co and 9Tc from extracted groundwater. 

Prioritized Data Uses 

Priority data uses are to support the selection of a preferred 
alternative for the 216-BY Cribs IRM plume. 

Appropriate Analytical Level or Implementation Guidelines 

Level I and II screening analyses will be used for process 
monitoring. As a minimum, 6°Co, 99Tc, cyanide, and nitrate 
concentrations will be ver ified by limited Level III or V analyses. 
No validation (Level IV) da a will be required since on1 y in terim 
action decisions are being supported. Requirements will be ref~ned 
in the sampling and analysis pl ~n and the quality assurance proje~ t 
plan. 

Par ameters to be Obtained 

Effectiveness: 
• Influent and effluent concentrations of 6°Co, 99Tc, 

cyanide, and nitrate 

Operating 
• 

• 
• 
• 
• 

Resource 

200-BP-5 · 01/25/94 

• 
• 
• 
• 
• 
• 
• 

Parameters: 
Process chemistry (e.g., total suspended solids, 
dissolved oxygen, sodium, chloride, sulfate, heavy 
metals, organics) 
Flow rate 
pH, temperature , turbidity, oxidation/reduction potential 
Operating pressures, both differential and point 
Chemical additive requirements 

Needs: 
Equipment/materials 
Personnel and maintenance requirements 
Secondary waste volumes and characteristics 
Power and chemical usages 
Onstream factors 
Health and safety requirements, including field radiation 
monitoring 
Other cost elements (e.g., mobilization, sample 
transport, analytical services, decontamination, 
residuals transport/treatment disposal. 
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Table 3-2. Data Quality Objecti ves for 216-BY Cribs 
IRM Plume Treatment Testing. (Sheet 2 of 3) 

Required Detection or Measurement Limits 

• Effectiveness 

Analytical detection limits for 6°Co , 99Tc, cyanide, and nitrate must 
be able to detect expected effluent concentrations after 90% removal. 
Accuracy should be sufficient to support calculation of removal 
efficiency to ±1%. Other supporting documentation such as equipment 
data sheets may also affect final DQOs. Detection limits will be 
finalized and other PARCC parameters will be specified in the quality 
assurance project plan being developed for the treatability test. 
The following are DQOs for Level III analyses: 

Parameter Method CRDL[CROL"' Precision Accurac:i 

c,oCo EPA 901.1 Variable ±20% 75-125% 

99Tc TC-01 b/ 150 pCi/l ±20% 75 -125 % 

Cyanide 
c/ 

10 µg iL ±20% 75-125% 

Nitrat~ EPA 300,352.1, 100µg:~ ±20 % 75-125% 
353.3, 353.2, 

354.1 

• Ogerating Parameters 

Process chemistry will be measured primarily to detect significant 
and/or unanticipated secondary impacts on system operation and 
efficiency. Analytical protocols will follow established vendor 
standards, industrial standards, or EPA practices. Other operating 
parameters will be measured as follows: 

Parameter 

Flow rate 
pH 
Oxidation/reduction 
potential 

Temperature 

Turbidity 

Differential Pressure 

Point pressure 

200-BP-5 · 01/25/94 

Instrument 
meter 
probe 

probe 

thermocouple 
or 

thermometer 

meter 

transmitter 
or gauge 

transmitter 
or gauge 

3T-2b 

Range 
10-60 gpm 

0-14 

100-1400 mV 

0-100 °C 

0-100 NTUd/ 

0-30 lb/in 2 

0-100 lb/in 2 

Accuracy 
±1 gpm 

±0 .1 

±0 .1 

±1 °C 

±5 NTU 

±0.5 
1 b/i n2 

±1 lb/in2 
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Table 3-2. Data Quality Objectives for 216-BY Cribs 
IRM Plume Treatment Testing. (Sheet 3 of 3) 

• Resource Needs 

Resources will be monitored in accordance with normal recordkeeping 
practices (e.g., inventory, manhours) specific to each resource type. 
EPA guidance calls for an accuracy of +50% to -30% in estimating 
implementation costs. 

Critical Samples or Values 

• 

• 

• 

Cobalt-60 and 99Tc concentrations in influent and effluent 
streams at a frequency proportional to the rate of change in 
the primary contaminants 

If cyanide destruction is required, 6°Co and cyanide 
concentrations before and after pretreatment 

Chemical and radiological concentratior s in spent resins and 
discarded filt~ r cartridges 

• Operating costs (e.g., materials, ::iersom>,l) 

• Se :::oj1dary waste disposal costs. 

Constraints 

• It is necessary that resin breakthrough be measured in a timely 
manner for both 6°Co and 99Tc. 

• Representative samples are required of process wat~r streams, 
discarded filter cartridges, and spent resin. 

• Groundwater monitoring is required to verify that the pumped 
water is representative of site conditions. 

• So.me resin and filter cartridge samples may have high 
radionuclide content and may require special sampling and 
handling methods. 

a/ CRDL = contract required detection limit 
CROL = contract required quantitation limit 

b/ Per Environmental Measurements Laboratory Procedures Manual (DOE 1982). 

c/ As specified in the Contract Laboratory Requirement's Statements of Work for inorganic 
analysis; all analytical methods, contract required detection limits, contract required 
quantitation limits, and precision and accuracy requirements shall be as specified therein 
without modification (DOE/RL 1993d). 

d/ NTU = nephelometric turbidity unit(s). 

200-BP-s-0112s,s4 3T-2c 
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Table 3-3. Data Quality Objectives for 216-8-5 Reverse Well 
IRM Plume Pilot-Scale Treatment Testing . (Sheet 1 of 4) 

Activity Pilot-scale Treatability Test 

Objectives Assess effectiveness, o~eratin9 parameters, and costs of using 
ion exchange to remove 0s r, 13 Cs, and 2391240 Pu from extracted 
groundwater. 

Prioritized Data Uses 

Priority data uses are to support the selection of a preferred 
interim action alternative for the 216-8-5 Reverse Well IRM plume . 

Appropriate Analytical Level or Implementation Guidelines 

Level I and II screening analyses will be used for process 
monitoring. As a minimum, 90Sr, 137Cs, 2391240 Pu, and nitrate 
concentrations will be ve r ified by l imi ted Level Il l or V ana11ses . 
No val idation (Level IV) data will be requi red since onl y inter i~ 
action decisions are being suppor ted . Requ irements will be refi ~9d 
in the sampling and analysis plan and the qual i~y assu tenc~ project 
pl an. 

Parameters to be Obtained 

Effectiveness: 
• Influent and effluent concentrat i ans of 90Sr, 137Cs, 

2391240Pu, and nitrate. 

Operating Parameters: 
• Process chemistry (e.g., total suspended solids, 

dissolved oxygen, sodium chloride, sulfate, heavy 
metals, organics) 

• Flow rate 
• pH, temperature, turbidity, oxidation/reduction 

potential 
• Operating pressures, both differential and point 
• Chemical additive requirements. 

Resource Needs: 

200-BP-5 • 01/25/94 

• Equipment/materials 
• Personnel and maintenance requirements 
• Secondary waste volumes and characteristics 
• Power and chemical usages 
• Onstream factor 
• Health and safety requirements, including field 

radiation monitoring 
• Other cost elements (e.g., mobilization, sample 

transport, analytical services, decontamination, 
residuals transport/treatment/disposal). 

3T-3a 
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Table 3-3. Data Quality Objectives for 216-B-5 Reverse Well 
IRM Plume Pilot-Scale Treatment Testi~g. (Sheet 2 of 4) 

Required Detection or Measurement Limits 

• Effectiveness 

Analytical detection limits for 90Sr, 137Cs, 2391240Pu, and nitrate 
must be able to detect expected effluent concentrations after 90% 
removal. Accuracy should be sufficient to support calculation of 
removal efficiency to ±1%. Other supporting documentation such as 
equipment data sheets may also affect final DQOs. Detection limits 
will be finalized and other PARCC parameters will be specified in 
the quality assurance project plan being developed for the 
treatability test . The following are DQOs for Level III analyses: 

Parameter Method CRDLLCROL"' Precision Accuracy 

sos, EPA 905.0 Variable ±20% 75-125 % 

131cs EPA 901.0 Variable J: 20% 75 ,: -~5% 

23s,240Pu SW-846 9310 15 pCi/L ±20¼ 75-125 '.1,:-

Nitrate EPA 300 . 100 µg/L ±20% 75-1 2:-: ~t,, 
352 .1, 353.3, 
353.2, 3 54.1 

• 012erating Parameters 

Process chemistry will be measured primarily to detect significant 
and/or unanticipated secondary impacts on system operation and 
efficiency. Analytical protocols will follow established vendor 
standards, industrial standards, or EPA practices. Other operating 
parameters will be measured as follows: 

200-BP-5 • 01/25/94 3T-3b 
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Table 3-3. Data Quality Objectives for 216-B-5 Reverse Well 
IRH Plume Pilot-Scale Treatment Testing. (Sheet 3 of 4) 

Parameter 

Flow rate 

pH 
Oxidation/reduction 
potential 

Temperature 

Turbidity 

Differential pressure 

Point pressure 

• Resource Needs 

Instrument 

meter 

probe 

probe 

thermocouple 
or 

thermometer 

meter 

transmitter 
or gauge 

transmitter 
or gauge 

Range 

10-60 gpm 

0-14 

100-1400 mV 

0-100 °C 

0-100 NTUb/ 

0-30 lb/in2 

0-100 lb/in 2 

Accuracy 

±1 gpm 

±0.1 

±0.1 

±1 °C 

±5 NTU 

±0.5 
l b/i n2 

±1 lb/in2 

Resources wi 11 be mon i to ted in a: ... "rdance w; ~- ~ nor-ma l record keeping 
practices (e.g., inventory, manhours) ,oecific ~0 each .resource 
type. EPA guidance calls for an accuracy of +50% to -30% in 
estimating implementation costs. 

Critical Samples or Values 

• 

• 

• 
• 

200-BP-6 · 01 /25/94 

Strontium-90, 137Cs, and 239n40 Pu concentrations in influent and 
effluent streams at a frequency proportional to the rate of 
change in the primary contaminants 

Chemical and radiological concentrations in spent resins and 
discarded filter cartridges 

Operating costs (e.g., materials, personnel) 

Secondary waste disposal costs . 

3T-3c 
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Table 3-3. Data Quality Objectives for 216-B-5 Reverse Well 
IRM Plume Pilot-Scal e Treatment Testing. (Sheet 4 of 4) 

Constraints 

• 

• 

• 

• 

a/ 

b/ 

200-BP-5 • 01 /25/94 

It is necessary that resin breakthrouah be measured in a 
timely manner for 90Sr, 137Cs, and 2391

2"
40 Pu. 

Representative samples are required of process water streams, 
discarded filter cartridges, and spent resin. 

Groundwater monitoring is required to verify that extracted 
water is representative of site conditions. 

Some resin and filter cartridge samples may have high 
radionuclide content and may require special sampling and 
handling methods. 

CRDL = contract required detection limit 
CRQL = contract required quantitation limit 

NTU = nephelomQt ric turbi dity unit(s). 

3T-3d 
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Table 3-4. Data Quality Obj i ctives for 216-8-5 Reverse 
Well IRM Plume Contaminant Extraction Testin. Sheet 1 of 2 

Activity 

Objectives 

Pilot-scale contaminant extraction testing. 

Develop a pumping schedule in terms of time pumping 
is on, time pumping is off for re-equilibration of 
partitioning of primary contaminants, pumping 
locations, and return locations. Estimate total 
(dissolved and adsorbed) contaminant mass which can 
interact with groundwater to reestablish a plume 
after completion of interim action. Develop estimate 
of primary contaminants. 

Prioritized Data Uses 

Determine cont aminant recovery effectiveness and system 
efficiency of pump and treat alternative. Develop 
numerical model of aquifer and primary contaminant response 
t o pumping. 

Appropr iate Analytical Level or Impl ement~tion Suidelines 

L~vel I and II screening analyse~ (gross ~~~ha, bet~. or 
~pec t ral gamma radiation) will be used for ;)rc : iminary 
determination of pumping schedule, to be confirmed by 
limited Level III and Level V analyses for specific 
radionuclides. 

Parameters to be Obtained 

• 

200-BP-6 - 01 /26/94 

Effectiveness 

Concentrations of 90Sr, 137Cs, 2391240 Pu, and nitrates 
in extracted groundwater 
Pumping rates and locations, times for pumpage on and 
off 
Estimates of adsorbed and dissolved 90Sr, 137Cs, and 
23

~
240Pu in aquifer and on aquifer materials : 

3T-4a 
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Table 3-4. Data Quality Objectives for ~1 6-B-5 Reverse 
Well IRM Plume Contaminant Extraction T:-_: ~t in • Sheet 2 of 2 

Parameters to be Obtained (cont.) 

• 

• 

Parameters for System Optimization 

Aquifer hydraulic properties and contaminant 
distribution properties 
Estimates of total primary contaminant quantities 
Optimized pumpage cycling (in regard to pumping 
rates, aquifer re-equilibration times, and moving 
pumping among available wells) to maximize recovery. 
Computer model input parameters for local groundwater 
flow and contaminant phase transformation and 
transport . 

Resource Requirements 

Electr ical _costs of pump ing 
Instal lation of additional wel ls 
Technical personnel time to i nte t~ret pRocess 
effective ness 
Anz. lytical costs 
Other significa~t cost con t r i butors 

Required Detection or Measurement Limits 

Parameters for field or mobile laboratory screening methods 
will be developed in the test sampling and analysis plan 
(Section 5.0) . Parameters for all analytical measurements 
will be based on usual limits of normal analytical services 
as expressed in Table 3-3 and the quality assurance project 
plan (Section 5.0). Screening methods are used due to the 
need for fast turnaround time to interpret analytical data. 
Costs will be monitored in accordance with normal 
recordkeeping practices. Estimates of total (adsorbed and 
dissolved) primary contaminant mass in . aquifer matrix and 
groundwater will be made through a calibrated computer 
model, and are likely to be accurate to about a hal f an 
order of magnitude. 

Critical Samples or Values 

Constraints 

200-BP-5 • 01 /25/94 

Primary contaminant concentrations during pumpage and after 
re-equilibration. 

Timing of extraction testing, pumping rates, and pumping 
procedures cannot be estimated beyond first cycle. 
Remainder of extraction testing will depend on observed 
res onse of roundwater system durin initial testin . 

3T-4b 
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4.0 TREATABILITY TEST DESIGN AND OPERATING REQUIREMENTS 

This section describes design and operating requirements for the 
200-BP-5 Operable Unit pilot-scale treatability test. The activities 
described in this section are designed to fulfill test performance objectives 
and DQOs discussed in Section 3.0 . Individual subsections discuss groundwat er 
withdrawal and return well selection (Section 4.1), contaminant extraction 
test design and operation at the 216-B-5 Reverse Well IRM plume (Section 4.2), 
treatment test activities (Section 4.3), and treatability test health and 
safety (Section 4.4). Supporting documentation requirements and the project 
schedule are discussed in Sections 5.0 and 7.0, respectively. 

4.1 TEST WELL SELECTION 

Satisfactory pilot-scale treatability testing requires that contaminated 
groundwater be provided to the treatment system at the design flow rates for 
the expected duration of testing. The treated water must also be returned to 
the subsurface at an equivalent rate and at locations that do not adversely 
affect the ability of the treatability test to achieve the test performance 
objectives. Well evaluation and selection is, therefore, determined by the 
intended use of the well, its location with respect to the plume, and the 
combined well/pump/aquifer properties . 

Continuous pumping rates for both IRM plume treatability test systems 
are expected to be 10 to 20 gal/min. Treated water will typically require 
greater well specific capacity due to the inherent resistance of the aquifer 
to reabsorb returned water. Design specifications may restrict the maximum 
pumping distance from the treatment test system. 

Candidate wells for both IRM plumes have been evaluated for several 
factors to optimize both the pump and treat aspects of the test design. The 
criteria used for the evaluation included the following: 

• Access to the highest concentrations of 6°Co and 99Tc at the 
216-BY Cribs IRM plume (90Sr, 137Cs, and 2391240 Pu at the 216-B-5 
Reverse Well IRM plume) 

• Well construction and aquifer characteristics suitable for test 
operations 

• Proximity of withdrawal wells to return wells to avoid 
recirculating groundwater without adversely affecting the ability 
to meet test performance objectives effecting contaminant 
removal . 

Well inspections and drawdown tests will be necessary to better 
characterize the capabilities of the well/aquifer system for both withdrawal 
and return purposes. The inspections will view well casings with a television 
camera, and necessary remediation will be performed prior to the 8-hour 
drawdown pump test. Water samples will be taken at intervals during the pump 
test and analyzed for primary contaminants. This data will support numerical 

200-BP-5 - 01/25/94 4-1 
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modeling groundwater flow and contaminant migrat i on over time. The schedule 
for this work is presented in Section 7.0. The following sections discuss the 
candidate wells and site rJnditions pertinent to these criteria. 

4.1.1 216-BY Cribs IRM Plume Test Wells 

Well construction data and groundwater levels are reported in Table 4-1 
for 16 wells penetrating the unconfined aquifer north of the 200 East Area. 
The wells are spread across an area of approximately 4.5 mi 2 within the 
northern half of the 200-BP-5 Operable Unit and well spacings usually exceed 
2,000 ft. Since, based on available data, there is no instance where wells 
are close enough to pair up for withdrawal and recirculation, construction of 
new wells may be requ i red. 

As shown in Figure 1-3, there are only a few monitoring wells within the 
216-BY Cribs IRM plume. The list of primary contaminant concentrations for 
each well within the plume {Table 1-1) indicates that Well 699-50-53A has the 
highest aggregate concentration of primary contaminants, followed by Wells 
699-49-55A, 699 -49-57A and 699-52-54. Most wells within the 216-BY Cr i bs IRM 
plume boundaries have been inspected and remediated within the last 3 years. 
There are no records of aqu ~fer t ests during well compl eti on or recent well 
remediation. 

Table 4-1 reports aquifer t hi ckness d~ta at the candidate wells based on 
water level monitoring from June and SeptemL~r- 1993. We11 699-52-54 has dried 
up and Well 699-50-53A has less than a 1.0 ft thickness of saturated 
sediments. Further to the south and west, the aquifer thickens to about 9 ft 
at both Well 299-E33-7 and 699-49-57A and to 10 ft at Well 699-49-55A. 

Based on the above information, Well 699-49-55A is the preferred well 
for groundwater withdrawal. Despite lower concentrations for the primary 
contaminants than exists at Well 699-50-53A, the greater thickness of 
saturated sediment increases the chances for satisfactory long-term 
treatability testing when compared to Well 699-50-53A. Well 699-49-57A is 
considered to be a backup site . Well 299-E33-7 is not recommended as a 
treatment test site due to its proximity to the 200-BP-1 Operable Unit and 
upcoming barrier test projects. Construction data indicates that Well 699-49-
55A is constructed with a 15-ft length of 6-in. diameter, 0.03-in. slot size, 
telescoped screening, installed at the top of basalt. 

The nearest significant groundwater contamination is a 90Sr plume 
associated with the stabilized 216-A-25 Gable Mountain pond site located 
approximately 4,000 ft to the northeast, on the north side of the basalt high. 
It is expected to be unaffected by the low pumping rates from the 216-BY Cribs 
IRM plume treatability test. 

Several options to remediate candidate wells can be considered. Wells 
can be deepened 5 to 10 ft into the basalt to provide a sump for pumping. 
Alternately, the present wells may be used as recirculation points for new 
extraction wells drilled into potentially thicker zones of the aquifer. New 
wells also offer a chance to more clearly define the extent of the plume . 

200-BP-5 • 01/25/94 4-2 



DOE/RL-93-98 
Draft A 

1 4.1.2 216-B-5 Reverse Well IRM Plume Test Wells 
2 
3 Access to the contaminant plume is an important factor for the success 
4 of treatability testing at the 216-8-5 Reverse Well IRM plume. Table 4-2 
5 lists 12 wells evaluated for withdrawal or return at and around the 216-8-5 
6 Reverse Well IRM plume site, four of which are candidates for groundwate r 
7 pumping. Three wells drilled by Smith (1980), 299-E-28-23, -24, and -25, 
8 (Figure 1-4), are located within a 20 ft radius of the 216-8-5 Reverse Well 
9 and lie within a surface radiation zone. Another well, 299-E28-7, is located 

10 along the same northwest-southeast line 65 ft southeast of the 216-8-5 Reverse 
11 Well. The first three wells provide the best access to the IRM plume 
12 contaminants and are considered, along with the 216-8-5 Reverse Well itself, 
13 as the best sites for groundwater withdrawal. 
14 
5 Potential recirculation wells lying within a 400 to 500 ft radius of the 
6 reverse well site are Wells 299-E28-l, -2, -3, and -10. Wells 299-E28-2, 299-
'7 E28-3, and 299-E28-10 are located west of Baltimore Avenue and would require a 
8 protected pipe crossing under the street. The wells are 8 in. in diameter and 

~ .9 are perforated over a 10 to 40 ft length of casing just above the top of 
C"' 0 basalt . 
. . "~ 1 
5 ~2 As discussed in Section 1.3.2, Well 299-E28-23 has the highest observed 

23 concentrations of primary contaminants, followed by Well 299-E28-25, -24, and 
24 -7. Concentrations of the primary contaminants are not known at the 216-8-5 
25 Reverse Well but are expected to equal or exceed the range of values in 
26 Table 1-1. 
27 
28 Wells 299-E28-23, -24 and -25 were drilled by the same program and were 
29 constructed to the same specifications: 4-in. diameter, 0.01-in. slot size, 
30 stainless steel well screen in the bottom 50 ft of each well, placed at or 
31 just above the top of the basalt. Well ·299-E28-7 is 6-in. diameter casing 
32 perforated over its bottom-most 65 ft. The 216-8-5 Reverse Well is 
33 constructed of 8-in. diameter casing, perforated over the bottom-most 50 ft. 
34 None of the five wells have not been inspected or remediated since completion. 
35 
36 The high transmissivity values (Section 1.3.2), coupled with an aquifer 
37 thickness in excess of 45 ft, provides reasonable assurance of supplying the 
38 test system with sufficient quantities of groundwater from any well near the 
39 216-8-5 Reverse Well IRM plume. 
40 
41 Well 299-E28-23 is the preferred site for extraction from the standpoint 
42 of access to primary contaminants. Wells 299-E28-24 or -25 are second choices 
43 due to their proximity to both the zones of groundwater and soil 
44 contamination. The 216-8-5 Reverse Well may be an equally suitable alternate 
45 but further evaluation is necessary. Well 299-E28-l is the preferred 
46 groundwater return site for the test system as it is the only well located 
47 upgradient from the 216-8-5 Reverse Well IRM plume and has been retrofitted 
48 with telescoping well screening. 
49 
so 
51 4.2 CONTAMINANT EXTRACTION TEST 
52 
53 . It is not anticipated that there will be difficulties in extracting 
54 contaminants from the 216-BY Cribs IRM plume (as described in the conceptual 

200-BP-5 - 01/25/94 4-3 



DOE/RL-93-98 
Draft A 

1 model in Section 1.3.1); however, operational mon 1toring procedures for the 
2 pilot-scale pump and treat system will be used t o veri fy contaminant 
3 extraction effectiveness. The contami nant ext ruct :0n testing described below 
4 is desianed to test the abil~ ty of groundwater pu1nping to effectively extract 
5 90Sr, 131Cs, and 2391240 Pu fr~11i the 16-8-5 Reverse Well IRM plume . The 
6 conceptual model describing co~1caminant distr i bution is presented in Section 
7 1.3.2. Test performance objectives and DQOs are discussed in Sections 3.1.2 
8 and 3.2.2, respectively. Extraction effectiveness testing will be carried 
9 out, if possible, as part of initial operational testing of the pilot-scale 

10 pump and treat system for the 216 -8-5 Reverse Well IRM plume. 
11 
12 Test-specific equipment needs, final test design and test operating 
13 procedures will be specified in follow on Description of Work level documents. 
14 These documents will be developed prior to initiation of testing and will 
15 include test equipment design specifications, test operating procedures, and a 
6 test sampling and analysis plan and quality assurance project plan. These 

a 7 documents are described in Section 5.0 of this treatability test plan . 
. 8 
9 

~ o 4.2.1 Contaminant Extraction Test Design 
-1 

::-2 2 The 216-8-5 Reverse Well IRM pl ume contaminant extraction test is 
cr--z3 designed to deter-:Hine the ability to ext ract primary contaminants from the 

24 aquifer (and consequ~ntly be treated by the pilot-scale treatment system). 
25 This will be accomplis~ ~~ hy pumpi ng groundwater from the h~ll (or wells) in 
26 which the highest pr imary C- lJ t: ~.aminant concentrations have been. detected, 
27 monitoring indicator parameters, and when indicator parameters have been 
28 reduced to a pre-determined level or are not showing further r.eduction, 
29 ceasing pumping and allowing sorbed contaminants still in the saturated zone 
30 to re-equilibrate with groundwater. Initial data wil l be used to refine a 
31 plume model and optimize follow-on test pump cycles. Wells in the 216-8-5 
32 Reverse Well IRM plume (as described in Section 4.1) are expected to provide 
33 sufficient groundwater production (which will be confirmed by well production 
34 testing prior to initiation of pilot-scale treatment) and a representative 
35 sample of groundwater from the uppermost unconfined aquifer. Table 4-2 gives 
36 construction data for wells in the vicinity of the test site. Final well 
37 selection will take place following well production tests and will be 
38 specified in test procedures developed in follow-on documents. Results of 
39 this contaminant extraction test will be used to refine well design for 
40 full-scale pump and treat systems in the 216-8-5 Reverse Well IRM plume. 
41 
42 
43 4.2.2 Contaminant Extraction Test Operation 
44 
45 Groundwater will be extracted from Well 299-E28-23 (the well in the 
46 vicinity of the test site with highest observed primary contaminant 
47 concentrations) at a rate of 10 to 20 gal/min. For the first test cycle, the 
48 pumping rate will be consistent with the anticipated design treatment capacity 
49 of the pilot-scale treatment system. Pumping rates in subsequent test cycles 
50 may be increased to test the ability to extract primary contaminants more 
51 rapidly and to assess the effect of increased groundwater withdrawal flow 
52 rates on contaminant concentrations. According to the conceptual model 
53 (Section 1.3.2), primary contaminant concentrations are expected to decrease 
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1 rapidly. After pumping ceases, contaminants sorbed to saturated zone soils 
2 will re-equilibrate with the surrounding groundwater. During this period, 
3 primary contaminant indicator parameters are expected to rise to or nearly to 
4 the original levels. Data collected during this first cycle will be used to 
5 generate a numerical model of both aquifer and contaminant response to 
6 pumping. This model will be used to refine follow-on testing cycles and 
7 optimize primary contaminant extraction rates . 
8 
9 

10 4.2.3 Contaminant Extraction Test Monitoring 
11 
12 Water levels in the pumping well and surrounding wells (to be identified 
13 in test procedures) will be monitored continuously. Monitoring of water 
14 levels will allow this extraction effectiveness test to also serve as an 

_ 5 aquifer pump test and further refine the conceptual model of aquifer 
6 parameters . 
.7 

N',..1 8 During pumping, groundwater withdrawn from Well 299-E28-23 will be 
9 monitored continuously for gross alpha, gross beta, and spectral gamma 
0 characteristics. These will serve as indicator parameters for primary 

~ contaminants, (i.e., gross beta for 90Sr, gross alpha for 2391240Pu). Indicator 
. 2 parameters are used rather than primary contaminant concentrations for speed 

23 of sample turn around. Confirmatory analyses will be used to monitor primary 
24 contaminant levels during the test. 
25 
26 Samples will be collected from surrounding wells at the start of the 
27 test and at 2-hour intervals during the test, and field monitored for gross 
28 alpha, gross beta, and spectral gamma characteristics. Additional samples 
29 will be taken at the beginning of the test, at 1-hour intervals for the first 
30 24 hours, and at 6-hour intervals subsequently for confirmatory laboratory 
31 analysis (Level III or Level V). Samples may be returned to the pilot-scale 
32 treatment system after analysis for subsequent treatment by the system. 
33 Treated water will be returned to the aquifer via the aquifer return well 
34 selected for the pilot-scale pump and treat system. 
35 
36 Groundwater will be pumped from the aquifer until primary contaminant 
37 indicator parameters have reached a pre-determined concentration or are no 
38 longer being reduced. Specific reduction targets will be specified prior to 
39 imitation of testing. For example, the initial pumping cycle may be run until 
40 the indicator parameters are reduced to a degree proportional to the 
41 concentration of primary constituents over drinking water standards. This 
42 would approximate extraction requirements necessary for full-scale pump and 
43 treat system. In this example, the current concentration of 90Sr in 
44 Well 299-E28-23 is approximately 600 times the drinking water standard 
45 (Appendix A), therefore, the extraction efficiency test would continue until 
46 gross beta levels in this well are reduced from approximately 12,000 pCi/L 
47 (average gross beta as presented in Appendix A) to 19 pCi/L in the pumped 
48 groundwater. Subsequent indicator parameter targets will be set based on 
49 initial groundwater sampling and first cycle test results. 
50 
51 When indicator parameter target levels are reached, pumping will be 
52 discontinued at Well 299-E28-23. Samples will be' taken at 6-hour intervals 
53 . from the pumped well and surrounding groundwater wells and field screened for 
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gross alpha, gross beta, and spectral gamma characteristics. Additional 
samples will be taken at cessation of µumping, at 6-hour intervals or the 
first 24 hours, and at 12-hoi~; · i nter1:al s ~1.1 bsequentl y for confirmatory 
laboratory analysis (Level III or Level V). The wells will be monitored 
initially for a time pe:' )od equal to the duration of the pump test or until 
primary contaminant i~dicator parameters have returned to original levels. 
Initial data will be evaluated at the end of that time and the need for 
additional monitoring determined. At a point to be determined, t he pumping 
well will be changed to establish primary contaminant response at another 
location . 

Extraction effectiveness test results will be used to determine the 
effect of the following variables on primary contaminant equilibria in the 
aquifer: 

• duration of pumping 
• rate of pumping 
• duration of re -equilibration period 
• location of pumping 
• cumulative effects of pumping (hyster~sis) 
• location of ~echarge. 

T.st data will be used ~0 }~velop a t hree dimens ~0nal num~rical model of 
p1 ,1me aq~ifer response and contaminant adsor~~ion/des~rb\ ion rates as affected 
by ~:--oundwat er withdra\'.'~l. This model will be C•~ librat ~- j us i~q init l:'J test 
data, ar d used t~ develop ~--:11ow-on test parameter ::-- and o~.+. ;mh 1::, primary 
contaminant extract i on. Fol l ow-on data will subsequently be used to revise 
the model and further optimize contaminant extraction. 

4.3 TREATMENT TEST 

4.3.1 Laboratory Treatability Testing 

Laboratory treatability tests will be completed to provide information 
for the evaluation and selection of one or more ion exchange resins effective 
in removing the primary contaminants 6°Co, 90Sr, 99Tc, 137Cs, and 2391240 Pu. The 
laboratory tests will also assess resin performance for the removal of 
secondary contaminants, including cyanide and nitrate. The selected or 
preferred resin(s) must have a high affinity for removing primary contaminants 
from the groundwater over the anticipated pH range, should demonstrate rapid 
adsorption of the primary contaminants, and not impose a high pressure drop 
due to small particle size in a column flow operation. A resin or combination 
of resins will be selected for each of the two IRM plumes based on the results 
of these tests. The laboratory treatability testing will be performed 
according to procedures developed by the chemist to fit the contaminant levels 
and type of resin available. The specific laboratory test procedures will be 
included in the sampling and analysis plan and quality assurance project plan 
as described in Section 5.0. 
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Samples of groundwater from the two 200-BP~5 Operable Unit IRM plumes 
will be furnished for conducting these tests. Testing will include the 
following: 

• Equilibrium Distribution Measurements - Contact appropr iate 
volumetric samoles of preconditioned oroundwater (filtered and 
analyzed for 90S r, 137Cs, 2391240 Pu, or 60Co and 99Tc, and secondary 
contaminants, including cyanide and nitrates) that have been 
adjusted to specific pH values in the range of 5 to 8 with known 
amounts of resin(s) to perform batch equilibriums. The batch 
equilibriums should be performed in duplicate or triplicate over 
24-hour periods. Afterwards, the samples will be centrifuged or 
filtered as appropriate, and the solution will be analyzed for 
"post-contact" 90Sr, 137Cs, and 2391240 Pu (or 6°Co, 99Tc, and cyanide) 
along with nitrate concentrations. The distribution coefficients 
will then be calculated using these results . 

• Flow-Through Column Measurements - Once the equilibrium 
measurements have screened candidate resins to determine a 
preferred resin(s), small -scale column tests will be performed 
using known amoun ts of resin in a small 2- to 3-cm diameter 
column. Groundwater will be passed through separate columns at 
various flow rates in an effort to determine the kinetits (i.e., 
rates of adsorption) for t he part icular resin(s). The kinetics 
will be determin~d by comparing the influent concentrations (C

0
) 

with the effluent concentrations (C) over time for contaminants. 

A minimum of one duplicate sample analysis will be performed for every 
twenty samples analyzed. 

4.3.2 Pilot-Scale Treatability Test Design 

4.3.2.1 Treatment Process Description. A conceptual process flow diagram 
representative of the two 200-BP-5 Operable Unit pilot -scale treatment systems 
is shown in Figure 4-1. Note that the optional cyanide destruction unit will 
only apply to the 216-BY Cribs IRM plume treatment system. Each treatment 
system will be run continuously each operating day for approximately 6 hours, 
at the following design flow rates: 

• 216-BY Cribs IRM plume; 30 to 100 gal/min, depending on pump rate 
tests 

• 216-B-5 Reverse Well IRM plume; 50 gal/min. 

For each treatment system, groundwater will be withdrawn from a well and 
pumped to an influent storage tank. Since the existing withdrawal wells are 
expected to produce no more than 20 gal/min, the influent storage tank 
decouples the groundwater withdrawal operation from the treatment process. 
The withdrawal well pump will operate continuously to fill the storage tank, 
thereby providing sufficient volume of groundwater for the treatment system to 
operate at the design flow rate. Groundwater will be pumped from the storage 
tank through particulate filters for removal of suspended solids, then through 
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the ion exchange system f,;: r removal of 90S r, 137Cs, and 2391240 Pu ( or 6°Co and 
99Tc) and finally to an effluent storage tank. The effluent storage tank will 
be used to transfer th tr~at~d groundwater to the aquifer return well a 
rates simil ar to the withdrawal well on a continuous basis. In add i tion, if 
it is determined that t ne treated effluent does not meet t est objectives 
(i.e., 90% removal of primary contaminants), the ground~ater can be returned 
for additional treatment. 

A filtration unit will be incorporated as a pretreatment technology to 
remove suspended solids contained in the groundwater before it enters the 
leading ion exchange bed. This pretreatment will minimize the potential for 
any inert and/or biologically active suspended solids to accumulate on the 
resin surface, masking the exchange sites, and resulting in loss of exchange 
efficiency. It will also minimize the potential for solids to plug the void 
spaces among the beads of resin and restrict flow through the bed. 
Furthermore, because many of the constiuents in Hanford Site groundwater have 
an affinity for the soil, there is the potential for removing contamination 
associated with the inert, suspended solids. 

The filtration units will use pressure ~enerated by the system pump(s) 
to drive groundwater tt -:--ough cartrid~ t:: '- con t ai n'lng a membrane matr ix wH h 
extremely fine pores that ~ill trap pari ' culates. Trapped particula es w· 11 
be removed from the t reatmen ~ system by p:.riod ic t'-:placement of dirty fi lter 
cartridges with clean ones. Dif+.y cartr~ dS<"S will be dried and then packaged 
~ppropriatel y for disposal as seco.~d ary wa ~t •~. 

27 Ion exchange is a technology that removes ions from solution by 
28 adsorption on a solid media (i.e., resin). When groundwater flows through an 
29 ion exchange column, ionic species in groundwater exchange with ions on the 
30 media until equilibrium is attained or a predetermined percent breakthrough of 
31 a primary contaminant is achieved. Ion exchange resins have a finite 
32 adsorotion capacity based on available exchange sites on the resin. Cobalt-
33 60, 90Sr, 99Tc, 137Cs, and 2301240Pu may compete with other ions found in 
34 groundwater for these exchange sites. The ion exchange resins that will be 
35 used for this treatability study will be selected for their ability to 
36 selectively adsorb the primary contaminants. However, because the 
37 radionuclide concentrations are several orders of magnitude below those of the 
38 major ionic species (e.g., nitrates and sulfates), compounds other than the 
39 primary contaminants may determine resin exhaustion rates. When the resin is 
40 "spent" (exceeds its adsorption capacity), breakthrough or detection of 
41 primary contaminants in the column effluent will occur. At that point, the 
42 spent resin will require replacement. During the treatability test, spent 
43 resin will be replaced rather than regenerated to eliminate the volume of 
44 aqueous secondary wastes that would result from a regeneration cycle. 
45 
46 The 216-BY Cribs IRM plume treatment system will consist of an ion 
47 exchange treatment system (Figure 4-1) that includes two downflow, pressurized 
48 ion exchange columns operated in series. Effluent from the leading ion 
49 exchange bed will be monitored for breakthrough. Consistent effluent quality 
50 will be ensured by passing the effluent from the leading ion exchange bed 
51 through the downstream (1 aggi ng) polis-hi ng bed. When breakthrough is reached, 
52 the flow of groundwater will be diverted to a third, spare column containing 
53 fresh ion exchange resin. The column containing the spent ion exchange resin 
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1 will be valved out of the process train so that the spent resin can be removed 
2 and replaced with fre sh resin. The flow configuration will be revised by 
3 opening and closing valves so that the previous lagging bed will serve as the 
4 leading bed and the spare, fresh bed will become the lagging bed. 
5 
6 Experience indicates that the pH of the aqueous stream can affect 
7 selectivity of a given ion exchange resin for a given targeted ion. Thus, a 
8 pH adjustment system will be included as a pretreatment process in the 
9 treatment system to support optimization of groundwater pH. The pH adjustment 

10 system will include means for adding sodium hydroxide to increase pH (or 
11 hydrochloric acid to reduce it) before the groundwater enters the ion exchange 
12 vessels and to neutralize the pH before the treated water is returned to the 
13 aquifer. 
14 
5 The conceptual process flow diagram for the 216-BY Cribs !RM plume shown 

- 6 in Figure 4-1 includes the cyanide destruction treatment process (that may be 
7 required). If implemented, the destruction of cyanide via alkaline 

18 chlorination to nitrogen (possibly as ammonia) and carbon dioxide is a three -
9 step process, as shown in Figure 4-1. In the first step, oxidation of the 
0 cyanide to cyanate will be performed by adding sufficient sodium hydrox ide to 

~ :2 1 raise the groundwater pH to approximately 11 and adding sodium hypo chlorite . 
::..:: 2 In the second step, t he cyanate will be converted to carbon dioxide and 

23 nitrogen by acid hydro·lysis which will require adding suffi cient hydrochloric 
24 acid to reduce the pH to approximatel y 3. The treated water wi ll then be 
25 neutralized by the addition of sodium hydroxide prior to discharge to the ion 
26 exchange beds . Each of t he steps i s conducted i n a separate tank wi th gravi ty 
27 flow between tanks. A transfer tank at the end of the cyanide . destruction 
28 process is used to pump the groundwater to the ion exchange system. If 
29 ammonia results from cyanide destruction, it will exist as ammonium ions, 
30 which may compete with 6°Co and/or 99Tc in the ion exchange process, thus 
31 possibly reducing the exchange capacity of the ion exchange resin. 
32 
33 If it is incorporated in the treatment system, the cyanide destruction 
34 unit will have several parameters that can be modified to achieve the desired 
35 cyanide removal or to increase the cyanide removal effectiveness . For 
36 example, it will be possible to vary the flow rate through the unit (subject 
37 to matching the flow rate through the ion exchange system), the pH at which 
38 oxidation of cyanide to cyanate occurs, the sodium hypochlorite dosage, and 
39 the pH at which the subsequent acid hydrolysis of cyanate to carbon dioxide 
40 and nitrogen occurs. It is anticipated that these parameters will be varied 
41 throughout the duration of the test to identify and then maintain the optimal 
42 conditions for these reactions. 
43 
44 A second filtration unit will be incorporated downstream of the ion 
45 exchange vessels to remove any suspended solids that may be formed by 
46 biological activity in the system, oxidation of dissolved species by exposure 
47 to the atmosphere, and/or by the addition of chemical for pH adjustment or 
48 cyanide destruction. For example, adding sodium hypochlorite may result in 
49 oxidation of any dissolved ferrous iron or manganous manganese to form 
50 insoluble precipitates. This downstream filtration will minimize any 
51 potential for plugging the return wells. 
52 
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1 Groundwater will be withdrawn from the selected wells usin~ submersible 
2 pumps. The pumps will convey groundwater to an influent storage tank within 
3 25 ft of the treatment pl ant location. The groundwater r,· .. inps wi 11 operate 
4 automat i cally to fill the storage tank on an as need~~ basis. The groundwater 
5 extraction system will operate independently of the ~reatment system and may 
6 have to operate continuously if the treatment flow r ate exceeds the capacity 
7 of the withdrawal well. Controls will ~e i ~sta , led in the influent storage 
8 tank to start and stop the withdrawa~ pumµ based on the tank level. 
9 

10 Treated groundwater will be stored in an effluent storage tank prior to 
11 return to the aquifer. The treated water will be pumped from the storage tank 
12 to the return well. The pump will be automatically controlled using level 
13 controls in the effluent tank. The groundwater return system will operate 
14 independently from the treatment system and may be required to operate 
15 continuously if the treatment flow rate exceeds the capacity of the return 
6 we 11. 

-=1 
8 The ion exchange treatment process for removing 9OS r, 137Cs, and 239124O Pu 

N 9 from groundwater extracted from the 216-B-5 Rev r. rse Well IRM plume will be 
C"--.! 0 configured essential l y the same as the process fc 1• treating gr undwater from 

· I the 216 -BY Cribs IRM p'; •.;::ie. Speci fi ca lly, the trea:171en~ system will include 
;;-22 t he basic ion exchange un it as we i as the pH adjustm~;1t o. i1d fil tration 

3 pret r e~tment s~ eps describld above. However, depending on t ~R res ~~t of 
24 laboratory tests, differer +. ·i on . ~xchang~ resin (s) may be used t , provi de 
2:.> enhanced selectivit.)' for 90

::;,•, 
1~·-~-: <;, and :>39124OPu. Also, it is not anth. io -:: t ed 

26 th~t any pretreatment ,,i ll be ~~~ui rerl beyond the pH adjustment, 
27 neutralization, and filtration steps. Since no ionic complexing is evident 
28 for primary contaminants in the 216-B-5 Reverse Well IRM plume, pretreament to 
29 break chemical complexes (such as cyanide destruction) is not anticipated. 
30 
31 4.3.2.2 Pilot-Plant Treatment Equipment. Treatment plant equipment will be 
32 mounted on skids to enable transportation by flat bed truck to the proposed 
33 test sites. Individual skids will be constructed for each of the proposed ion 
34 exchange systems, and the cyanide destruction system, if used. 
35 
36 For each of the two sites, influent groundwater will be filtered for 
37 suspended solids removal using cartridge filters prior to the ion exchange 
38 system. The feed pumps to the system will be interlocked with levels in the 
39 influent and effluent tanks to prevent tank overflow and protect the pumps. A 
40 flow indicating totalizer will be used to monitor the processing flow rate to 
41 the plant. Cartridge filters will be used to filter the effluent to remove 
42 any suspended solids formed in the process. 
43 
44 The ion exchange system(s) will be piped to allow for series or parallel 
45 flow. Each ion exchange column will be sized for a minimum empty bed contact 
46 time of 8 minutes. Differential pressure indicators will be installed to 
47 measure the pressure drop across each ion exchange column. 
48 
49 If pH adjustment of the ion exchange feed is required, then a 
50 neutralization system will also be required to adjust the pH of the treated 
51 effluent back to neutral before discharge to the effluent storage tank. The 
52 pH adjustment and neutralization systems would consist of chemical storage 
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1 tanks for acid and base solutions and chemical metering systems for both the 
2 acid and base adjustments controlled by pH controllers. 
3 
4 At the 216-BY Cribs IRM plume, cyunide destruction may be necessary to 
5 attain the 6°Co removal requirements. If required, the cyanide destruction 
6 system will consist of chemical storage tanks, process tanks, a transfer tank, 
7 and a transfer pumping system. For cyanide destruction, the chemical storage 
8 tanks will contain oxidizing agents (e.g., sodium hypochlorite), hydrochloric 
9 acid, and sodium hydroxide. The pH and oxidation/reduction potential 

10 controllers in the process tanks will automatically adjust metering pumps to 
11 control chemical addition rates. The process tanks will be equipped with an 
12 agitator. The volume of each of the process tanks will be specified to 
13 provide adequate residence time to complete the pH adjustments and the 
14 alkaline chlorination and hydrolysis reactions. 

5 
6 4.3.2.3 Groundwater Withdrawal and Return. Since the existing wells are 

t 7 somewhat limited in number and flow rate, and since the pilot-scale treatment 
-8 system has an operating rate more than the expected well withdrawal rate (20 
9 to 50 gal/min treatment rate versus <20 gal/min withdrawal rate), the strategy 
0 for withdrawing groundwater for treatment and return to the aquifer dictates 

...,_"'2 1 that the wells be decoupled from the treatment system with the use of surge 
- 2 storage tanks. Groundwater will be withdrawn on a continuous basis, filling a 

23 large (up to approximately 20,000 gal) storage tank; the treatment system will 
24 be operated on the day shift under engineering support (approximately 6 hours 
25 to process approximately 18,000 gal); the treated effl ue nt will be transferred 
26 to an effluent storage tank and returned to the aquifer at approx imately the 
27 same rate as for withdrawal. Level controls will be interlocked with the well 
28 pumps to prevent overflowing the storage tanks. 
29 
30 Prior to returning the treated water to the aquifer, it will be filtered 
31 to remove any solids that may occur from biological activity in the effluent 
32 storage tank. In addition, the system will include the ability to add sodium 
33 sulfite to the aquifer return flow at the well head to scavenge dissolved 
34 oxygen, but only if this is determined to be necessary to mitigate biological 
35 activity and prevent possible plugging of the return well. 
36 
37 4.3.2.4 Support Components. The skid mounted treatment plant equipment will 
38 be placed within a frame-supported fabric structure to provide protection from 
39 the weather. The interior of the ,structure will be heated by propane heaters 
40 to avoid the need to winterize all plant components. Some process components 
41 may be heat traced and insulated for freeze protection. 
42 
43 The proposed test site locations are not currently served by utilities. 
44 Portable generators, fuel tanks, air compressors, lighting, and toilets must 
45 be provided at each test site. A potable water tank will be used at the site 
46 for personnel decontamination, chemical makeup water, and slurrying resin in 
47 and out of the ion exchange columns. Bottled drinking water will be provided 
48 at the site in an office/laboratory trailer. Portable eyewashes and showers 
49 will also be placed at each test site. 
50 
51 Small leaks and drips may occur during system operation due to equipment 
52 changeout, hose and pipe connect and disconnect, and related activities. All 
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1 leakage and drippage will be contained and returned to t he treatment system or 
2 to the influent storage tank. 
3 
4 
5 4.3.3 Pilot-Scale Treatability Test Op~ration 
6 
7 4.3.3.1 Pilot-Scale Fabricat ion and Set-Up. The skid-mounted treatment 
8 plants and equipment will be f ibricated in Hanford Site shops or will be 
9 procured directly from vendors. At the completion of the detailed design, the 

10 procurement of treatment plant components will be initiated. System 
11 components will be selected and/or shop fabricated to be in conformance with 
12 relevant Occupational Safety and Health Administration and National Electrical 
13 Code standards to minimize the need for modifications in the field. 
14 Components will be mounted on skids to allow for easy transportation to the 
15 test site and to minimize test site preparation requirements. Prior to 
"6 transportation to the test sites, acceptance tests will be performed on the 
.7 system. Acceptance test procedures will be prepared in accordance with WHC 
8 Standard Engineering Practices (WHC-CM-6-1, Appendix M, WHC 1988a). 
·9 
0 Prior t o st artup of the plants, ~ readi ness review will be performed 

~ .I using the process desci- ibed in Environme,.·::~l Iri vestig tion Instruction (E II) 
~ 22 ~ 13, Environmental Reacliness Review (WHC iS98b1. Com;. leting the readiness 

·3 rev iew and other pre-test activities and chec~1ist: will l ead to the start of 
24 the tre-tability t 2sts, and meet the Tri-Party Agree.~~nt Mil estone M-13-06A, 
25 "Initiate pilot-scale ;-l•mp and .reatment operations fL \' 200 -ljiJ• i::: Operable llnit 
26 30 days aft~r the i -2ata~;1ity Test Plan is approved bui no sooner t han 
27 August 31, 1994." 
28 
29 4.3.3.2 Operation. The treatability test plan has been devel9ped and the 
30 pilot-scale plants designed to allow for modifications in response to test 
31 observations and process monitoring results. Modifications may include 
32 changes in the operating parameters, plant configuration, or selected resin . 
33 
34 Standard operating procedures will be prepared for the pilot-scale test. 
35 The treatment system will be operated for approximately 6 hr/day during the 
36 course of the pilot test program. While the treatment system is operating, an 
37 operator will remain onsite to monitor the process. Operation of the 
38 groundwater extraction and return systems will not be tied directly to that of 
39 the treatment system. Groundwater extraction and return will be automated for 
40 safety shutdowns and will operate continuously, and without constant operator 
41 oversight. 
42 
43 Data on the effectiveness of the treatment process will be collected 
44 throughout the test program. If the plant does not achieve the desired 
45 treatment levels, operating parameters will be changed or the plant will be 
46 modified until treatment is either successful or is determined to be 
47 ineffective. The successful demonstration of the treatment system 
48 effectiveness implies that primary contaminants continue to be detected in the 
49 groundwater influent to the pilot plant. 
50 
51 Full evaluation of the treatability test will require that the ion 
52 exchange columns be operated to breakthrough so that an estimate of the 
53 adsorption capacities of the ion exchange resin(s) for 6°Co, 90Sr, 99Tc, 137Cs, 
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and 239n40Pu can be made. The ion e~change systems have been designed to 
enable changes in operating conditions or to allow for plant modifications. 
It is initially proposed to operate each treatment system as two ion exchange 
columns in series with the same type of ion exchange resin in both column 
Under this initial operating configuration the system flow rate (col umn 
residence time) is the only operating parameter that _can be varied . 

The pilot plant piping will allow the system to be operated with up to 
three columns in series, with two columns in series followed by a third column 
with a different resin. The plant is designed to enable resin changeout at 
breakthrough or if the treatment effectiveness of a different resin is to be 
evaluated. 

The ion exchange system is also designed to include a chemical addition 
system. The chemical addition system can be used to change the pH of the 
groundwater prior to the ion exchange columns. The pH of the groundwater is a 
parameter that effects ion exchange adsorption efficiencies. If chemical 
addition results in a change in pH of treated groundwater, then a 
neutralization system would be used to readjust the groundwater pH prior to 
aquifer disposal. 

Based on laboratory findings, the pilot plant for treating the 216 -BY 
Cribs IRM plume may include a cyan ide destruction system prior to the ion 
exchange system, if this is necessary t.0 achi eve test performance objectives. 
The optional cyar. i de destruction system would be fully automated. The test 
program would demons t rat e the ability of the unit to operate at steady state 
while consistently achieving the required target radionuclide treatment 
levels. 

The proposed cyanide destruction unit has several parameters which can 
be modified to achieve cyanide destruction. The flow rate through the system 
can be varied, but must match the flow rate through the ion exchange system. 
The pH at which alkaline chlorination of cyanide to cyanate occurs, and the pH 
at which the subsequent acid hydrolysis of cyanate to carbon dioxide and 
nitrogen occurs, can be varied throughout the tests to determine the optimal 
conditions for these reactions. The sodium hypochlorite dosage can also be 
varied to determine the optimal addition rate. Plant equipment will be 
specified to allow for a wide range of chemical addition rates . 

During the performance of the test, secondary wastes will be generated 
that will require characterization for disposal . These wastes include filter 
cartridges and spent resin. Samples of the resin may be evaluated for 
regeneration, or alternatively may be used to evaluate a resin drying system 
that would allow the material to be disposed of as a solid waste. 

4.3.3.3 Process Waste Management. In accordance with a tentative Tri-Party 
Agreement change (Change Number M-13-93-03), secondary wastes will be disposed 
and/or stored onsite at locations agreed to by the three parties. Section 5.0 
of this test plan provides for the preparation of a waste control plan for 
handling and disposition of wastes generated during treatability testing. 
Ecology is required to approve the waste control plan prior to initiating the 
pilot-scale test. Laboratory wastes will be disposed of in accordance with 
existing waste-handling procedures. 
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1 •Field testing will generate secondary wastes primarily through the 
2 replacement of filter cartridges and spent resins. Aqueous wastes will be 
3 treated by the pilot plant. A~ ·: other wastes, will be disposed of per WHC 
4 policy for onsite disposal '.-:cording to waste type (WHC 1988a) . 
5 
6 
7 4.3.4 Pilot-Scal e Treatability Test Monitorin~ 
8 
9 A considerable sampling program will be required during the pilot-scale 

10 treatability tests. The amount of sampling will be determined by the final 
11 treatment system configuration. The monitoring requirements fall into two 
12 distinct areas: process monitoring and groundwater monitoring. The DQOs 
13 presented in Section 3.2 will be further refined to direct sampling. 
14 
15 4.3.4.1 Process Monitoring. Process monitoring will be performed to control 

l'<'i6 and operate the treatment process and to gather performance data. The 
~ 7 effectiveness of the treatment system will be primarily demonstrated through 

'8 laboratory Level III and V chemical analyses of process samples. Samples from 
·. 9 the plant influent and effluent, and the influent and effluent from the lead 

0 ion exchange column wi ll be t aken. For the two sites 6°Co, 90Sr, 99Tc, 137Cs, 
and 239240 Pu will be the pr~mar 1 contam! nants of concern. Additionally, 
secondary contaminants, such ~s ,,, +rate~ and cyanide, will be monitored, b•t 
l i ss frequently. Operating paf~ meters s~c~ as pH, oxidation/reduct ~on 
~otent ial, temperature, turbidity, sp~rific ~onductance, and alkalinity will 

, ~ ah o be rno nitorc( because of their pote: ,t.ial in::, .·--:t on the treatment process. 
26 The fre quency of sampling will be related to the c~~e~ved rate of change of 
27 contaminant concentrations in the untreated groundwater, and the estimated 
28 breakthrough times for the ion exchange columns. Section 5.0 of this test 
29 plan provides for the preparation of a process sampling and analysis plan and 
30 a quality assurance project plan. 
31 
32 ·In addition to laboratory Level III and V chemical analyses to determine 
33 treatment effectiveness, process monitoring will be performed using field 
34 screening analysis to provide quick turnaround times. Online monitors will be 
35 used whenever possible. Radiation monitors will be used throughout the test 
36 to refine operational procedures and specify personnel protective equipment . 
37 
38 Pressure drops across ion exchange beds will be monitored throughout the 
39 tests to assess the buildup of suspended solids on the resin and the need for 
40 backwashing. Solids generation and accumulation in different parts of the 
41 plant will be documented. An accounting of all secondary waste generation 
42 will be made. Maintenance during operation of the pilot plant will be 
43 documented. Chemical addition rates and volumes will also be documented. The 
44 volume of groundwater pumped to the treatment train and returned into the 
45 aquifer will be measured with flowmeters. 
46 
47 4.3.4.2 Groundwater Monitoring. Field activities will be conducted to 
48 monitor impacts of the pilot-scale test to the local upper unconfined aquifer. 
49 Monitoring activities include water table level measurements and groundwater 
50 sampling for chemical analyses. 
51 
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In addition to requirements identified in the test sampling and analysis 
plan, all work wi ll be per formed in accordance with the following applicable 
documents and procedures: 

• WHC-EP-0383, Environmental Engineering, Terhn~t ogy, and Permitting 
Function Quality Assurance Program Plan (~Hr, 1990) 

• WHC-CM-7-7, Environmental Investiga t ions and Site Characterization 
Manual (WHC 1988b) 

Ell 1.5 Field Logbooks 
Ell 5.1 Chain of Custody 
Ell 5.4 Field Cleaning and/or Decontamination of Equipment 
Ell 5.8 Sample Packaging and Shipping 
Ell 10.3 Purgewater Management 

• WHC-CM-7-8, Volume 4, Environmental Engineering and Geotechnology 
Function Procedures (WHC 1992) 

Section 2 2, "Groun water Quality Co11trol Sampling" 

Section 2.5, "Temperature Control of Grou1 dwa 0r Sam 1 e 
Storage Re frigerators" 

Section ~ 2, "Groundwater Meas~1ri ng and Test Equi pme1~t 
(M&l E} ral i bration by User" 

Section 5.2, "Groundwater M&TE Calibration by WHC Standards 
Laboratory. 11 

4.4 HEALTH AND SAFETY 

All field personnel working to this treatability test plan will have 
completed the 40-Hour Hazardous Waste Site Worker Training Program and will 
perform all work in accordance with the following: 

• WHC-CM-1-6, Westinghouse Radiological Control Manual (WHC 1993) 
• WHC-IP-0718, Health Physics Practices Manual (WHC 1988c) 
• WHC-CM-4-3, Industrial Safety Manual (WHC 1987) 
• WHC-CM-7-5, Environmental Compliance Manual (WHC 1988d) 
• Applicable safety documentation. 
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Figure 4-1. Conceptual Process Fl ow Di a gram for the .lj 
200-BP-5 Operable Unit Treatability Test. 
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Table 4-1. Sununary of Construction Informati on for Existing 
Wells in the Vicinity of the 216-BY Cr i bs IRM Plume. 

Well Minimum Measured 
Number Diameter Depth to 
(699-) (in) Bottom (ft)d 

47-60 8 274 

48-50 4 179.7 

49-55A 6 141 

49-57A 8 164.6 

50-53A 8 159 

52-54 4 166.8 

52-57 4 159.5 

53-55Aa 8b 202.1 

53-55Ba 8 256.7 

53-55C8 10 220.5 

55-55 4 169.3 

55-57 6 180 

57-59 4 189.0 

59-58 6 110.2 

60-57 6 151 

60-60 8 125.6 

Located In erosional window. 
2-ln. plezometer tube also In well 
blank section 7-127 ft 

Depth of 
Screened 

Interval (ft) 

n/a 

159.4-179.7 

124-139 

n/a 

n/a 

156.2-166.8 

149-159.5 

n/a 

n/a 
197.3-220.5 

148.4-169.3 

n/a 

166.0-186.3 

85-105 

60-70 C 

n/a 
d 

e 

Dept h of Depth to 
Perforated Water (ft) 

Interval (ft) (date) 

235-277 250.1 (9/93) 

n/a 170.8 (9/93) 

n/a 129.1 (6/93) 

144-161 152.1 (9/93) 

142 -156.5 155.8 (9/93) 

n/a 167.0 (9/93) 

n/a 160.7 (9/93) 

165-202.1 175.3 (6/93) 

232-252 176.3 (10/93) 

n/a 175.0 (9/93) 

n/a 162.7 (9/93) 

139-169 167.0 (9/93) 

n/a 175.1 (9/93) 

n/a 97.0 (6/93) 

n/a 68.7 (9/93) 

100-125.6 111.4 (9/93) 

Bottom Is considered bottom of 
perforations/ screen 

Saturated 
Open 

Interval (ft) 

250.1-274 

170.8-179.7 

129.1-139 

152.1-161 

155.8-156.6 

note9 

notee 

175.3-202.1 

232-252 

197.3-220.5 

162.8-169.3 

167.0-169 

175.1-186.3 

97-105 

68.7-70 

111.4-125.6 

Water level reported below measured depth of well during 9/93 
sampling; groundwater samples were collected. 
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Well Number 
(299-) 

E28-l 

E28-2 

E28-3 

E28-4 

E28-5 

E28-7 

E28-8 

E28-10 

E28-23 

E28-24 

E28-25 

E28-27 

91 -A 329 3 ~ 2927 

Table 4-2. Summary of Construction Information for Existing Wells 
in the Vicinity of the 216-B-5 Reverse Well IRM Plume. 

Minimum Depth of Depth of Depth to 
Diameter Depth to Screened Perfo rated Water (ft) 

(in.) Bottom (ft) Interval (ft) Interval (ft) (date) 

8 322 273-322 277 -324 283 (4/93) 

8 322.5 N/A 288-318 276 (3/92) 
8 326 N/A 31 4-324 -. -
8 321 N/A 295-321 287 (6/93) 

6 327 N/A 259-304 270 (3/93) 

6 338 N/A 270-335 282 (6/93) 

8 315 N/A 250-294 a -

8 325 N/A 257-309 270 (3/88) 

4 328 278-328 N/A 285 (3/93) 

4 329 277-327 /A 284 (9/93) 

4 329 279-329 N/A 284 (9/93) 

4 301.5 270-290 N/A 279 (8/93) 
291-301 

To convert feet to meters, multiply by 0.3048. 
a Rock bridge at a depth of 263 ft; water level was not determined. 

Saturated Open 
Interval (ft) 

283-322 

288-318 

314-324 

295-321 

270-304 

282-335 

-
270-309 

285-328 

-327 

284-329 

279 - 290 
291-301 
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5.0 SUPPORTING DOCUMENTS 

Supporting documents include the 20u East Gro undwater AAMSR 
(DOE-RL 1993a), the B Plant AAMSR (DOE -:~L 1993b), and the Phase I Remedial 
Investigation Report for 200-BP-1 Operable Unit (DOE-RL 1993c). Supporting 
documents in the 200 East Groundwater AAMSR (DOE-RL 1993a) include a health 
and safety plan, a project management plan, and a data management plan . These 
supporting plans will be applicable to all treatability test work scope 
performed by WHC within the 200-BP-5 Operable Unit. 

Community relation activities in support of this treatability test will 
be performed as specified in the Tri-Party Agreement (Ecology et al. 1989b). 
A Cultural Resources Review and an Ecological Survey have been performed in 
support of the proposed 200-BP-5 Operable Unit treatability test sites. This 
treatability test study is being considered for Categorical Exclusion under 
t he National Environmental Policy Act. 

Additional documents will be developed in support of the 200-BP- 5 
Operable Unit treatability test prior t~ initiation of testing. Trese 
documents include: 

• Treatability test system operating protedures 

• Treatabil i ty tes t : , stem sampling and analysis plan 

• Treatability test system quality assurance project plan. 

In addition, supporting documents will be developed to support 
groundwater sampling, groundwater monitoring, and other project related 
activities as necessary. 

Finally, to address site- and program-specific requirements, WHC will 
prepare the following task-specific documents/permits: 

• Hazardous waste operation permit: Addresses and mit igates site­
specific health and safety hazards, provides for emergency 
response and sets forth personnel training requirements necessary 
for site entry . 

• Radiation work permit: Addresses specific radiological control 
requirements for conducting the test. 

• Safety analysis plan: Addresses global safety and environmental 
issues associated with plant operations (e.g., impacts resulting 
from tank failure) and specifies appropriate safety requirements 
for mitigation of these impacts . 

• Waste control plan: Addresses identification of, and management 
and disposition procedures for wastes generated during field 
operations. 

200-BP-6 • 01 /26/94 5-1 
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1 6.0 REPORTS 
2 
3 
4 A t~eatability test report will be prepared summar izing the results of 
5 the pil ot -scale test . The format of the report w~ll be based on the suggested 
6 out line for treatability test reports provided in the Guide for Conducting 
7 Treatability Studies under CERCLA {EPA 1992). The schedule for finalizing the 
8 treatability test report will be dependent on laboratory turn-around times for 
9 chemical analyses and may parallel the preparation and review of the IRM 

10 Proposed Plan. In addition, monthly project briefings will be given at unit 
11 manager meetings between DOE, EPA, and Ecology . 

200-BP-5 • 01/25/94 6-1 
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1 7.0 SCHEDULE 
2 
3 
4 Figure 7-1 r ows the schedule for planni ng a~~ performing t he 
5 laboratory- scale t ests and fi eld pilot-scal e treat ability tes t s for each test 
6 site. The planned start of the pilot- s~ale treatment testing is August 31, 
7 1994 pending approval of t his treatab i lity test plan. This schedule is 
8 contingent on demonstrating adequate well capacity, approval of the well 
9 recommendations and waste control plan, and addressing all safety concerns. 
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Figure 7-1. 200-BP-5 Operable Unit Treatability Test Schedule. 
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1 8.0 PR GRAM ORGANIZATION 
2 
3 
4 Figure 8-1 show~ he organization for perfr.rming ~ll phasP~ of the 
5 pilot-scale treatabi li ty tests. Westinghouse Hanfor~ ~ompany Environmental 
6 Restoration Engineering will have direct responsibiiity for the p1anning, 
7 execution, and evaluation of the laboratory and field tests. Other WHC 
8 organizations will be used for various aspects of drilling and sampling 
9 activities. 
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Figure 8-1. 2OO-BP-5 Operable Unit Treatability Test Program Organizat ion. 
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1/21/94 CONSTITUENTS YITH AT LEAST ONE DETECTED VALUE SINCE 1/1/88 

Results S1.J11118ry 
\Jell Constituent Name Units Average Mininun Maxinun 

------- ------- ------------------------------ -- --------- -------- ---- ---- -

299·E28-23 Allcal inity ppb 96850.0 95600.0 98100 
299· E28-23 Aaerich111-241 pCi/L .2 .1 0 
299·E28·23 Allaon hn ion ppb 50.0 50.0 so 
299·E28·23 Anti1110ny, filtered ppb 125.0 100.0 200 
299-E28·23 Anti1110ny-125 pCi/L 46.0 .1 116 
299-E28·23 Bariun ppb 11.3 .0 20 
299-E28·23 Bariun, filtered ppb 15.0 8.0 20 
299-E28-23 Berylliun, filtered ppb 4.5 3.0 5 
299-E28·23 Boron ppb .o .0 0 
299-E28·23 Boron, filtered ppb 25.0 25.0 25 
299-E28-23 Bromide ppb 500.0 500.0 500 
299-E28·23 Cadniun, filterea ppb 4.0 2.0 10 
299-E28· 23 Calcil.Jll ppb 18675.3 25.9 30000 
299-E28· 23 Calci1.J11, filtered ppb 26625.0 22000.0 29700 
299-E28·23 Cesi1.J11·137 pCi/L 1435.3 844.0 2080 
299·E28·23 Chloride ppb 17460.0 11000.0 21000 
299-E28·23 Chr011hn, filtered ppb 12.5 10.0 20 
299-E28·23 Cobalt, filtered ppb 20.0 20 .0 20 
299-E28-23 Cobal t-60 pCi/L 25.8 .1 228 
299-E28·23 Copper, filtered ppb 12.5 10.0 20 
299·E28-23 Cyanide ppb 13.3 10.0 20 
299· E28-23 Cyanide, filtered ppb 13.3 10.0 20 
299·E28·23 Fluoride ppb 500.0 500.0 500 
299-E28-23 Fluorine ppb 565.0 500.0 695 
299-E28-23 Gross alpha pCi/L 31.8 16.9 48 
299-E28·23 Gross beta pCi/L 11935.5 7660.0 20000 
299-E28·23 Iodine-129 pCi/L 4.3 2.5 7 
299·E28·23 Iron ppb 38.7 .1 73 
299-E28-23 Iron, filtered ppb 56 .3 25.0 100 
299-E28-23 Magnesiun ppb 5862.6 7.9 9380 
299·E28·23 Magnesiun, filtered ppb 8362.5 7700.0 9100 
299·E28·23 Manganese ppb 5.0 .o 10 
299·E28·23 Manganese, filtered ppb 6.3 5.0 10 
299-E28·23 Nickel, filtered ppb 15.0 10.0 30 
299·E28·23 Nitrate ppb 8598.0 6300.0 10700 
299-E28·23 Nitrite ppb 200.0 200.0 200 
299·E28· 23 Phosphate ppb 760.0 400.0 1000 
299-E28·23 Plutonhn-238 pCi/L .3 .o 2 
299·E28·23 Plutoni1111-239/40 pCi/L 58.4 7.2 449 
299-E28·23 Potassiun ppb 4851.6 4.9 7400 
299·E28-23 Potassiun, filtered ppb 6912.5 6260.0 7530 
299·E28·23 Rutheniun-106 pCi/L 98.2 .1 571 
299·E28·23 Silver, filtered ppb 12.5 10.0 20 
299-E28·23 Sodhn ppb 14707.3 22.0 22100 
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1/21/94 CONSTITUENTS \IITH AT LEAST ONE DETECTED VALUE SINCE 1/1/88 

Re-:, • ts Sl.lll'llllry 
\lell Constituent Name Units Aver~ge Hini111.111 HaXil!UII 

-------------- -------------------- ----------
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----------- -------- --- ------

299·E28·23 Sodi un, f i l tered ppb 21250.0 19400.0 23600 
299·E28·23 Specific conductance umos 319.3 296.0 386 
299·E28·23 Strontiun, filtered ppb 132.3 127.0 137 
299·E28·23 Strontiun-90 pCi/L 4636.7 284.0 7890 
299·E28·23 Sulfate ppb 31000.0 27800.0 39300 
299·E28·23 Technetiun-99 pCi/L 66.9 21.9 142 
299·E28·23 Te111perature, field DegC 17.6 16.7 18 
299·E28·23 Tin, filtered ppb 65.0 30.0 100 
299·E28·23 Total Carbon ppb 22400.0 20500.0 24300 
299·E28·23 Total Organic Carbon ppb 733.8 400.0 1000 
299·E28·23 Total Organic Halogen ppb 14.6 9.0 29 
299·E28·23 Trichloroethene ppb .2 .2 0 
299·E2S-23 Tritiun pCi/L 6,2~. 2 3160.0 8170 
299-E28-23 Uraniun pCi/L 22. ~ 1/, .5 28 
299- E28-23 •Jraniun ppb 24.5 17.: 34 
299·E28· 23 Ura. .nn-234 pCi/L 9. 1 8.5 1C 
299·E28·23 Uranhn-235 pCi/L .3 .2 0 
299·E28·23 Urani1.111-~ pCi/L 7.1 2.9 10 
299-E28·23 Vanadiun ppb 19.0 19.0 19 
299·E28-23 Vanadhn, filtered ppb 22.0 17.0 30 
299·E28·23 Zinc ppb 19.0 19.0 19 
299·E28·23 Zinc, filtered ppb 7.0 5.0 13 
299·E28-23 pH pH 8.1 7.7 9 

299·E28·24 AlUlil'UI ppb 140000.0 140000.0 140000 
299·E28·24 Ameri ch.m-241 pCi/L .6 .6 1 
299·E28·24 Ant i IIIOl'lY ppb 110.0 110.0 110 
299·E28·24 Barit.a ppb 1400.0 1400.0 1400 
299·E28·24 Beryl l iun ppb 8.3 8.3 8 
299·E28·24 Br0111ide ppb 450.0 400.0 500 
299·E28·24 Cacniun ppb 300.0 300.0 300 
299·E28·24 Calciun ppb 180000.0 180000.0 180000 
299·E28·24 Cesit.a-137 pCi/L 112.6 ., 633 
299·E28·24 Chloride ppb 193250.0 180000.0 200000 
299·E28·24 Chloride ppm 202.0 202.0 202 
299·E28·24 Chroahn ppb no.o no.o no 
299·E28·24 Cobalt ppb 220.0 220.0 220 
299·E28·24 Cobel t-60 pCi/L 1.8 .1 6 
299·E28·24 Copper ppb 850.0 850.0 850 
299·E28·24 Fluoride ppb 2500.0 2300.0 2700 
299·E28·24 Fluoride ppm 1.4 1.4 1 
299·E28·24 Fluorine ppb 2200.0 2200.0 2200 
299·E28·24 Gross alpha pCi/L 152.0 .1 1250 
299·E28·24 Gross beta pCi/L 306.4 252.0 349 
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1/21/94 CONSTITUENTS WITH AT LEAST ONE DETECTED VALUE SINCE 1/1/88 

Resul ts Slallllry 
IJel l Constituent Name Units Average Mini111.-m Mexin.111 

------ -- --- -- - ------------------------------ ----------- -------- ---- -----

299-E28-24 Iron ppb 720000.0 720000.0 720000 
299-E28-24 Magnesiun ppb 73000.0 73000.0 73000 
299-E28-24 Manganese ppb 11000.0 11000.0 11000 
299-E28-24 Nickel ppb 650.0 650.0 650 
299-E28-24 Nitrate ppb 200.0 200.0 200 
299-E28-24 Nitrite ppb 119. 1 38.3 200 
299-E28-24 Phosphate ppb 273.5 147.0 400 
299-E28-24 Plutoniun-238 pCi/L .2 .o 1 
299-E28-24 Plutoniun-239/40 pCi/L 32.4 .1 144 
299-E28-24 Potassiun ppb 43000.0 43000.0 43000 
299-E28-24 Rutheniun-106 pCi/L 2.7 .1 16 
299-E28-24 Silver ppb 29.0 29.0 29 
299-E28-24 Sodiun ppb 98000.0 98000.0 98000 
299-E28-24 Speci fi c conductance umos 824.0 735.0 1028 
299-E28-24 Strontiun-90 pCi/L 196.2 146.0 328 
299-E28-24 Sul fate ppb 666.7 500.0 900 
299-E28-24 Sulfate ppn .3 .3 0 
299-E28-24 Teiaperature, field D~ .., 17.6 15.9 19 
299-E28-24 Total Organic Carbon ppb 9000.0 9000.0 9000 
299-E28-24 Total Organic Halogen ppb 28.5 17.0 40 
299-E28-24 Trithn pCi/L 61916.7 56900.0 71100 
299-E28-24 Uranhn pCi/L .6 .2 2 
299-E28-24 Uranh.111-234 pCi/L .2 .1 0 
299-E28-24 Uraniua-235 pCi/L • 1 .o 0 
299-E28-24 Uranh.111-238 pCi/L .2 .1 0 
299-E28-24 VanadiUII ppb 490.0 490.0 490 
299-E28-24 Zinc ppb 2100.0 2100.0 2100 
299-E28-24 pH pH 8.2 6.8 9 

299-E28-25 Al1.11inun ppb 2300.0 2300.0 2300 
299-E28-25 Americiun-241 pCi/L .2 .2 0 
299-E28-25 Baril.Ill ppb 71.0 71.0 71 
299-E28-25 Br0111ide ppb 276.4 52.8 500 
299-E28-25 Calciun ppb 39000.0 39000.0 39000 
299-E28-25 Ceshn-137 pCi/L 288.0 34.7 1070 
299-E28-25 Chloride ppb 13325.0 10000.0 20300 
299-E28-25 ChrcaiUII ppb 97.0 97.0 97 
299-E28-25 Cobalt-60 pCi/L 2.7 • 1 8 
299-E28-25 Copper ppb 53.0 53.0 53 
299-E28-25 Fluoride ppb 500.0 400.0 600 
299-E28-25 Gross alpha pCi/L 26.1 8.7 72 
299-E28-25 Gross beta pCi/L 9194.3 7160.0 12000 
299-E28-25 Iron ppb 20000.0 20000.0 20000 
299-E28-25 Magneaiun ppb 11000.0 11000.0 11000 
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299-E28-25 Manganese ppb 220.0 220.0 220 
299-E28-25 Nickel ppb 44.0 44.0 44 
299-E28-25 Nitrate ppb 8925.0 noo.o 12000 
299-E28-25 Nitrite ppb ' 119.1 38.3 200 
299-E28-25 Phosphate ppb 273.5 147.0 400 
299-E28-25 Plutoniun-238 pCi/L .1 .0 0 
299-E28-25 Plutoniun-239/40 pCi/L 27.5 1. 1 125 
299-E28-25 Potassiun ppb 5600.0 5600.0 5600 
299-E28-25 Ruth en il.m-106 pCi/L 9.4 • 1 28 
299-E28-25 Sodiun ppb 22000.0 22000.0 22000 
299-E28-25 Specific conductance umos 316.9 285.0 334 
299-E28-25 Strontiun-90 pCi/L 5148.6 3150.0 6270 
299 E28-25 S 1l fate ;.;,b 29600.0 28400.0 31000 
299-E,, · ~5 T~rature, field Deg•: 16.8 14.6 
299-E28-i. Total Organic Carbon ;~--o 700.0 700.0 700 
299-E28-25 Total ~. genie Halogen ppt .: .5 1.0 8 
?99-E28-:5 Tritiun pCi/L 3994.~ 2070.0 6280 
2'>1Q-E28-25 Ura.1,1 111 pCi/L 15.1 ? 7 ::- ~ 

299-1::~:3-25 ;.Jr11:,iun ppb ? . ~ :,_ c, 9 
299-E28-25 Uraniln-234 pCi/L 6.6 5.4 8 
299-E28-25 Uranil.n-235 pCi/L .3 .2 0 
299-E28-25 Uraniua-238 pCi/L 6.5 5.2 8 
299-E28-25 Vanadiun ppb 39.0 39.0 39 
299-E28-25 Zinc ppb 180.0 180.0 180 
299-E28-25 pli pli 7.8 6.4 8 

299-E28-7 Acetone ppb 140.0 140.0 140 
299-E28-7 Alkalinity ppb 96600.0 96600.0 96600 
299-E28-7 Al1.111irun ppb 304.0 304.0 304 
299-E28-7 Baril.Ill ppb 53.0 53.0 53 
299-E28-7 Cachil111 ppb 9.0 9.0 9 
299-E28-7 Calch.m ppb 32400.0 32400.0 32400 
299-E28-7 Cesil•-137 pCi/L 4.0 • 1 23 

299-E28-7 Chloride ppb 16750.0 11000.0 22000 
299-E28-7 Chroaiun ppb 10.0 10.0 10 
299-E28-7 Cobalt-60 pCi/L 3.7 .1 10 
299-E28-7 Fluoride ppb 550.0 500.0 600 
299-E28-7 Fluorine ppb 500.0 500.0 500 
299-E28-7 Gross alpha pCi/L 1.9 .7 4 
299-E28-7 Gross beta pCi/L 148.0 116.0 218 
299-E28-7 lodine-129 pCi/L 1.0 .8 1 
299-E28-7 Iron ppb 15800.0 15800.0 15800 
299-E28-7 Magnesiun ppb 10300 . 0 10300.0 10300 
299-E28-7 Manganese ppb 259.0 259.0 259 
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Results S~ry 
Well Constituent Name Units Average Minillun Maxi11a.111 
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299-E28-7 Nitrete ppb 6882.9 4600.0 8290 
299-E28-7 Phosphate ppb 1000.0 1000.0 1000 
299-E28-7 Plutonil.ln-238 pCi/L .1 .0 0 
299-E28-7 Plutoniun-239/40 pCi/L .o .0 0 
299-E28-7 Potessiun ppb 6370.0 6370.0 6370 
299-E28-7 Radiun pCi/L .2 .2 0 
299-E28-7 Rutheniun-106 pCi/L 4.9 • 1 16 
299-E28-7 Sodiun ppb 24700.0 24700.0 24700 
299-E28-7 Specific conductance umos 353.0 194.0 509 
299-E28-7 Strontiun ppb 166.0 166.0 166 
299-E28-7 Strontiun-90 pCi/L 75.6 46.0 113 
299-E28-7 Sulfete ppb 36400.0 32000.0 40500 
2?9-E28-7 Technetiun-99 pCi/L 92.4 61 4 136 
299-E28-7 Teq::,erature, field DegC 17.3 16.4 19 
299-E28-7 luene ppb 20.0 20.0 20 
299-E28-7 ToU l Carbon ppb 24200.(.1 24200.0 24200 
299-E28-7 Totel Organic Halogen ppb 14.3 7.0 22 
299-E28-7 r ithn pCi/L 5406.3 2830 .0 7940 
299-E28-7 UraniUII pCi/L 2.4 ., 5 
299-E28-7 UraniUR-234 pCi/L 1.3 .5 2 
299-E28-7 Uraniua-235 pCi/L .0 .o 0 
299-E28-7 Ur an i l.ln- 238 pCi/L 1.0 .4 2 
299-E28-7 Vanadiun ppb 36.0 36.0 36 
299-E28-7 Zinc: ppb 16.0 16.0 16 
299-E28-7 pH pH 7.6 6.6 8 

299-E33-7 4-Hethyl-2-pentanone ppb 1.0 1.0 
299-E33-7 Acetone ppb 6.0 6.0 6 
299-E33-7 Aluainun ppb 80.0 64.0 91 
299-E33-7 Anti.:iny ppb 27.4 18.0 57 
299-E33-7 Anti.:iny, filtered ppb 18.5 18.0 19 
299-E33-7 Arsenic ppb 8.9 6.7 11 
299-E33-7 Arsenic, filtered ppb 6.8 6.7 7 
299-E33-7 Bariun ppb 24.4 17.9 38 
299-E33-7 Bari1.a, filtered ppb 21.9 21.7 22 
299-E33-7 Beryll hn ppb 1.0 1.0 1 
299-E33-7 Berylli111, filtered ppb 1.0 1.0 1 
299-E33-7 Bis(2-ethylhexyl) phthalate ppb 2.0 2.0 2 
299-E33-7 CaaliUII ppb 3.4 2.0 4 
299-E33-7 Cadlli111, filtered ppb 3.0 2.0 4 
299-E33-7 Calcil.ln ' ppb 38857.1 31200.0 43700 
299-E33-7 Calciun, filtered ppb 39300.0 39100.0 39500 
299-E33-7 Cesil.11-137 pCi/L 1.8 .1 6 
299-E33-7 Chloride ppb 4700.0 4700.0 4700 
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299-E33·7 : hloride ppm 5.3 5.3 5 
299-E33-7 Chr011iun ppb 20 .7 6.8 34 
299-E33-7 Chr0111iun, filtered ppb 11.4 8.9 14 
299·E33-7 Cobalt ppb 6.0 3.0 10 
299·E33-7 Cobalt, filtered ppb 3.5 3.0 4 
299-E33-7 Cobalt-60 pCi/L 46.8 26.3 71 
299-E33-7 Copper ppb 9.5 6.0 14 
299·E33·7 Copper, filtered ppb 5.3 3.6 7 
299·E33-7 Cyanide ppb 33.5 28.6 39 
299·E33-7 Fluoride ppb 1100.0 1100.0 1100 
299-E33-7 Gross alpha pCi/L 2.5 2.5 2 
299-E33-7 Gross beta pCi/L 491.3 312.0 723 
2W•·l:33-7 I od i ne-129 pCi/L .4 .4 
299-E:..,3-7 Iron , 'Cb 279 . 0 ~:: 2 589 
299-E33 · 7 Iron, f i ltered ~"-' 41.4 37. 0 46 
299-E33- t' Lead ppb 2.2 2.0 .. 

• ' 

29;·-E33-7 lead, filtered ~ 2.0 2.0 2 
299-E~ -7 Ma i,! iun J,,~ : ~"-05. 0 a..; ·-~ 0 12000 
299-E33-7 Ma;nesiun, filtered ppb ;,:~.: .-~ 10800.0 it1 00 
299-E33-7 Manganese ppb 5.2 2.0 12 
299-E33-7 ~e, filtered ppb 2.3 2.0 3 
299-E33-7 Mercury ppb .3 .2 0 
299·E33-7 Mercury, filtered ppb .3 .3 0 
299-E33-7 Methylene chloride ppb 3.0 3.0 3 
299-E33-7 Nickel ppb 12.5 7.0 19 
299-E33-7 Nickel, filtered ppb 6.5 6.0 7 
299-E33-7 Nitrate ppb 92200.0 67000.0 119000 
299-E33-7 Nitrate ppm 129.0 129.0 129 
299-E33-7 Potassiun ppb 6154.3 4590.0 6970 
299-E33-7 Potassiun, filtered ppb 5890.0 5890.0 5890 
299·E33-7 Rutheniun·106 pCi/L 8.5 .1 44 
299·E33-7 Seleniun ppb 1.9 1.0 2 
299-E33-7 Seleniun, filtered ppb 1.5 1.0 2 
299-E33-7 Silver ppb 5.8 4.0 10 
299-E33-7 Silver, filtered ppb 4.0 4.0 4 
299-E33-7 Sodiun ppb 27850.0 21200.0 31600 
299-E33-7 Sodi1.a, filtered ppb 28800.0 28100 . 0 29500 
299-E33-7 Specific conductance umos 413.7 360.0 442 
299-E33-7 Strontiun-90 pCi/L .8 .1 3 
299-E33-7 Sulfate ppb 34000.0 34000.0 34000 
299-E33-7 Sulfite ppm 36.0 36.0 36 
299-E33-7 Techneti1.111-99 pCi/L 2617.2 3.2 4460 
299-E33-7 Teniperature, field Dev(: 17.8 17. 1 19 
299-E33-7 Thalli1111 ppb 6.2 2.0 20 
299-E33-7 Thalli1.a, filtered ppb 3.5 2.0 5 

200-BP-6 · 01 /25/94 A-6 

P11ge 6 

A~Blysis Surmary 
Total > D.L. 

1 1 
8 8 
2 2 
5 4 • 
2 1 
7 7 
6 5 
2 
5 4 
1 
1 
7 ., , 

2 2 
8 7 
~ 

i 6 
2 
8 8 

2 2 
8 7 
2 1 
7 7 
2 2 

1 
6 5 
2 1 

4 4 
1 1 
7 7 
1 
7 6 
6 5 
2 1 
6 5 
2 
8 8 
2 2 
6 6 
7 6 

1 
1 

5 5 
7 7 
5 4 
2 1 
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DOE/RL-93-98 
Draft A 

1/21/94 CONSTITUENTS WITH AT LEAST ONE DETECTED VALUE SINCE 1/1/88 

Results SllllNlry 
Well Constituent Name Units Average Hininun Haxiffl.111 

-- ---------- -- ------------------------------ ----------- -------- ---------

299-E33-7 Tritiun pCi/L 6180.0 2930.0 10900 
299-E33-7 Uraniun pCi/L 1.9 1.5 2 
299-E33-7 UraniU!I ppb 1.8 1.8 2 
299-E33-7 Vanadiun ppb 30.0 22.3 37 
299-E33-7 Vanadhn, filtered ppb 30.4 30.4 30 
299-E33-7 Zinc ppb 14.3 6.0 23 
299-E33-7 Zinc, filtered ppb 9.2 6.7 12 
299-E33-7 pH pH 7.7 7.0 8 

699-49-55A 1,1,1,2-Tetrachloroethane ppb 10.0 10.0 10 
699-49-55A 1,1,1-Trichloroethane ppb 6.3 5.0 10 
699-49-55A 1,1,2,2-Tetrachloroethane ppb 10.0 10.0 10 
699-49-55A 1,1,2-Trichloroethane ppb 6.3 5.0 10 
699 49-55A 1,1·Dichloroethane ppb 8.8 5.0 10 
699-49· 55A 1,1·Dichloroethene ppb 8.8 5.0 10 
699·49-55; 1,2,3,4-tetrachlorobenzene ppb 10.0 10 . 0 10 
699-49-55A 1,2 ,3,5-tetrac t~robenzene ppb 10.0 10.0 10 
699-49-55A 1,2,3-Trichloropropane ppb '10 .0 11,) .0 10 
699-49-55A 1,2,3-trichlorobenzene ppb 10.0 10.0 10 
699-49-55A 1,2,4,5-Tetrachlorobenzene ppb 10.0 10.0 10 
699-49-55A 1,2,4-Trichlorobenzene ppb 10.0 10.0 10 
699-49-55A 1,2-0ibr01110-3-chloropropane ppb 10.0 10.0 10 
699-49-55A 1,2-0ibr01110ethane ppb 10.0 10.0 10 
699-49-55A 1,2-0ichlorobenzene ppb 10.0 10.0 10 
699-49-55A 1,2-0ichloroethane ppb 8.8 5.0 10 
699-49-55A 1,2·Dichloroethene ppb 7.5 5.0 10 
699-49-55A 1,2·Dichloropropane ppb 8.8 5.0 10 
699-49-55A 1,3,5-trichlorobenzene ppb 10.0 10.0 10 
699-49-55A 1,3-Dichlorobenzene ppb 10.0 10.0 10 
699-49-SSA 1,3-0ichloropropene ppb 10.0 10.0 10 
699-49-55A 1,4-Dichlorobenzene ppb 10.0 10.0 10 
699-49-55A 1,4-0ioxane ppb 500.0 500.0 500 
699·49-55A 2-Chloroethyl vinyl ether ppb 10.0 10.0 10 
699-49-55A 2-Hexanone ppb 10.0 10.0 10 
699-49-55A 4-Methyl-2-pentanone ppb 10.0 10.0 10 
699-49-55A Acetone ppb 16.0 10.0 28 
699-49-55A Acetonitrile ppb 3000.0 3000.0 3000 
699-49-55A Acrolein ppb 10.0 10.0 10 
699-49-55A Acrylonitri le ppb 10.0 10.0 10 
699-49-55A Allcal in! ty ppb 103555.6 96300.0 111000 
699-49-55A Aluairun ppb 78.7 49.0 96 
699-49-55A Anllon i ""' i on ppb 1109.4 800.0 1490 
699-49-55A Antiaony ppb 36.3 19.0 60 
699-49-55A Antiaony, filtered ppb 79.0 19.0 100 

200-BP-5 - 01 /25/94 A-7 

Page 7 

Analysis SU11T1ary 
Total > O. l. 

6 6 
3 3 
2 2 
7 7 

7 6 
2 2 
8 8 

2 
4 2 
2 1 
4 2 
4 2 

4 2 
2 1 
2 1 
2 
2 
2 
2 
2 1 
2 
2 
4 2 
2 1 
4 2 
2 
2 
2 

2 
2 
2 
2 
2 1 
3 2 
2 1 
2 
2 1 
9 9 
7 6 
5 5 
7 6 
6 4 
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DOE/RL-93-98 
Draft A 

1/21/94 CONSTITUENTS l!l TH AT LEAST ONE DETECTED VALUE SINCE 1/1/88 

Result -: '..Ulllle , I 
\lell Constituent Name l'rd ts Average l!inir,1.1n Maxin1.111 
••••• vcao •• .- -- - • -------------- · -------------- · ----------- --· -. ---- ---- -----

699-49-55A Antiaony-125 pCi/L 3.7 .1 12 
699-49-55A Arsenic ppb 5.9 2.0 7 
699-49·55A Arsenic, filtered ppb 5.5 5. 0 6 
699-49-55A Bari1.111 ppb 31.8 26.6 38 
699·49-55A BarilJII, filtered ppb 38.5 32.0 45 
699·49-55A Benzene ppb 6.3 5.0 10 
699·49-55A Beryl l iun ppb 1.0 1.0 1 
699·49·55A Berylliun, filtered ppb 3.7 1.0 5 
699-49-55A Bis(2-ethylhexyl) phthalate ppb 3.0 3.0 3 
699-49·55A Bia(chlor0111ethyl) ether ppb 10.0 10.0 10 
699·49·55A Boron, filtered ppb 21.3 19.0 24 
699·49-5Si Br0111i de ppb 642.5 70.0 1000 
699·49-55A Br-:aoacetone ppb 10.0 10 . 0 10 
699-49-55A ~r~ 'i ch lor0111t. , hane ppb 7.5 c::, o 10 
699·49·55A Bn .. 110for..: ppb 8.8 5.0 10 
699-49·55A Cadilh1111 ppb 4. -' - 3.0 7 
699·49·55A C&a11iU11, f i l te:~-d ppb 2.7 2.0 
c,~ •49-55A Ca t<:iUII ~ 52c~.7 46000.0 58200 
699-49·55A calch111, filtered ~ ,~36.4 54000.0 99200 
699·49-55A Carbon disulfide ppb 8.0 2.0 10 
699-49-55A carbon tetrachloride ppb 6.3 5.0 10 
699·49·55A CesiU11·137 pCi/L .5 .1 5 
699-49-55A Chloride ppb 12500.0 10700.0 15200 
699-49-55A Chloride ppn 11.9 11.9 12 
699-49-55A Chlorobenzene ppb 8.8 5.0 10 
699·49·55A Chloroethane ppb 10.0 10.0 10 
699-49-55A Chloroform ppb 6.3 5.0 10 
699-49-55A Chloromethyl methyl ether ppb 10.0 10.0 10 
699-49-55A Ch r011 i UII ppb 23.5 6.0 112 
699-49-SSA Chr011iU11, filtered ppb 7.9 3.5 10 
699·49·55A Cobalt ppb 7.7 4.0 10 
699-49·55A Cobalt, filtered ppb 6.0 4.0 8 
699-49-55A Cobal t -60 pCi/L 78.0 • 1 222 
699-49-55A Copper ppb 8. 1 6.0 10 
699-49-55A Copper, filtered ppb 8.8 6.0 10 
699-49·55A CrotONldehyde ppb 10.0 10.0 10 
699·49·55A Cyanide ppb 73.8 10.0 247 
699·49·55A Cyanide, filtered ppb 95.5 10.0 247 
699-49-SSA Dibrcaochloranethane ppb 7.5 5.0 10 
699-49-55A Dibra..ethane ppb 10.0 10.0 10 
699-49-55A DichlorodifluorOMethane ppb 10.0 10.0 10 
699-49-55A Diethylarsine ppb 10.0 10.0 10 
699-49-55A Ethyl aethacrylate ppb 10.0 10.0 10 
699-49-SSA Ethylbenzene ppb 7.5 5.0 10 
699·49·55A Ethylene oxide ppb 3000.0 3000.0 3000 

200-BP-5 - 01/25/94 A-8 

/ Page 8 

Analysis Sllml8ry 
Total > D.L. 

5 4 
11 11 
5 4 

11 11 • 
9 9 
4 2 
7 6 
6 4 
1 1 
2 
3 3 

" 2 
2 
2 

" 2 
7 6 
: !i 

12 12 
11 
4 2 
4 2 

15 13 
11 11 

1 
4 2 
2 
4 2 
2 

12 11 
6 4 
7 6 
2 1 

15 15 
7 6 
6 4 
2 

24 22 
17 16 
2 
2 
2 
2 
2 
2 
2 
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1/21/94 CONSTITUENTS ~ITH AT LEAST ONE DETECTED VALUE SINCE 1/1/88 

Results Su.nary 
~ll Constituent Name Units Average MinillUII Maxinun 

-------------- ------------------------------ ----------- -------- -·-------

699-49-55A Fluoride ppb 500.0 500.0 500 
699-49-55A Fluoride ppn .8 .8 1 
699·49-55A Fluorine ppb 428.4 334.0 500 
699-49· 55A FonMldehyde ppb 500.0 500.0 500 
699-49-55A Gross alpha pCi/L 2.8 1.7 3 
699-49-55A Gross beta pCi/L 979.8 278.0 1550 
699·49·55A Hexachlorobenzene ppb 10.0 10.0 10 
699·49·55A Hexachlorophene ppb 10.0 10.0 10 
699-49·55A Hydrogen sulfide ppb 10.0 10.0 10 
699·49-55A Iodine·129 pCi/L .1 .o 0 
699·49-55A Iron ppb 209.5 42.5 n9 
699·49·55A Iron, filte red ppb 101.8 51.1 234 
699-49-55A Kerosene ppb 10000.0 10000.0 10000 
699-49-55A Lead ppb 4.5 2.0 20 
699·49-55A Lead, filtered ppb 3.5 2.0 5 
699-49-55A Magnesiun ppb 149n.7 12700.0 16800 
699-49-55A Magneai'-'11, filtered ppb 21536.4 16000.0 26800 
699·49-55A Manganese ppb 19.0 8.6 28 
699-49·55A ~anganese, filtered ppb 23.8 11.4 33 
699-49-55A Mercury ppb • 1 .1 0 
699·49·55A Mercury, f i l tered ppb .1 • 1 0 
699-49-55A Methacrylonitrile ppb 10.0 10.0 10 
699-49-55A Methenethiol ppb 10.0 10.0 10 
699-49·55A Methyl Iodide ppb 10.0 10.0 10 
699-49·55A Methyl brcmi de ppb 10.0 10.0 10 
699-49-55A Methyl chloride ppb 10.0 10.0 10 
699-49·55A Methyl ethyl ketone ppb 10.0 10.0 10 
699-49-55A Methyl inethacrylate ppb 10.0 10.0 10 
699-49-SSA Methylene chloride ppb 12.8 10.0 21 
699-49-55A N,N·Diethylhydrazine ppb 10.0 10.0 10 
699-49·55A Naphthalene ppb 10.0 10.0 10 
699·49-55A Nickel ppb 23.1 11.0 55 
699-49·55A Nickel, filtered ppb 9.5 7.0 10 
699·49-55A Nitrate ppb 133664.7 16100.0 242000 
699·49·55A Nitrate ppm 40.9 40.9 41 
699-49·55A Nitrite ppb 1000.0 1000.0 1000 
699·49·55A Pentachlorobenzene ppb 10.0 10.0 10 
699·49·55A Pentachloroethane ppb 10.0 10.0 10 
699-49-55A Phenol ppb 10.0 10.0 10 
699·49-55A Phosphate ppb 1000.0 1000.0 1000 
699-49·55A Potassiun ppb 9028.2 noo.o 10800 
699·49·55A Potassha, filtered ppb 11311.0 9580.0 13100 

-699-49-55A Pyridine ppb 500.0 500.0 500 
699-49-55A Ruthenil.111-106 pCi/L 11. 1 .1 35 
699-49·55A Selenha ppb 4.3 2.0 10 

200-BP-6 - 0 l /25/94 A-9 

Page 9 

Analysis SUT1118ry 
Tota ~ > D.L. 

3 3 

10 9 
2 1 

10 9 
10 10 
2 1 
2 
2 
9 8 

12 11 
10 10 
2 1 
8 7 
4 2 

11 11 
11 11 
12 12 
9 9 
7 6 

4 2 
2 1 
2 
2 
2 
2 
2 
2 
4 2 
2 
2 1 

8 7 
6 4 

17 17 

1 
2 1 
2 
2 1 
2 1 
5 4 

11 11 
10 10 
2 1 

15 13 
12 12 
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DOE/RL-93-98 
Draft A 

1/21/94 CONSTITUENTS WITH AT LEAST ONE DETECTED VALUE SINCE 1/1/88 

Results SUll!lGry 
Well Constituent Name Units Ave,·age Hi" ~ ':UII Hexinun 

-------------- --------------- .... . . .. ·-· ------- ----------- ---- ---- ---------

699·49· 55A Selenillll, filtered ppb 4.2 2.8 6 
699·49·55A Silver ppb 14.2 4.0 61 
699·49·55A Silver, filtered ppb 8.5 4.0 10 
699·49·55A Sodh.a ppb 35083.3 30200.0 38100 
699·49·55A Sodiua, filtered ppb 43236.4 37200.0 48700 
699·49·55A Specific conductance umos 572.6 278.0 855 
699·49·55A Strontiun, filtered ppb 397.3 311.0 487 
699·49·55A Stront iun-90 pCi/L .2 • 1 1 
699·49·55A Styrene ppb 7.5 5.0 10 
699·49·55A Sulfate ppb 126700.0 106000.0 144000 
699·49·55A sulfate ppn 108.0 108.0 108 
699·49·55A T echnet i un· 99 pCi/L 4949.4 125.0 12500 
699·49·55A T~rature, field DegC 17.4 15.0 19 
699·49·55A Tetrachloroethene ppb 6.3 5.0 10 
69Y· 49· 55A Thall iun , ......... 2.4 2.0 5 
699·49·55A lhalliun, filtered ppb 3.5 2.0 5 
699· 49-SSA Toluene ppb 6.3 5.(1 10 
699•4r-~~, Total Carhon ppb ~ !,,~ 21600.0 25600 
699-49-5. , 1otal Organic Carbon ppb 440.0 ~ 'l.0 c,CI) 

699·49·55A Total Organic Halogen ppb 3.0 . , 6 
699·49·55A Tributylphosphoric Acid ppb 10.0 10.0 10 
699·49·55A Trichloroethene ppb 6.3 5.0 10 
699·49·55A ' Trichloroaethanethiol ppb 10.0 10.0 10 
699·49·55A Trichlor01110n0fluoromethane ppb 10.0 10.0 10 
699·49·55A TritiUI pCi/L 6114.8 783.0 14800 
699·49·55A Uranhn pCi/L 2.9 2.0 4 
699·49·55A Vanadiua ppb 22.7 13.0 34 
699·49·55A Vanadiua, filtered ppb 14. 1 8.0 32 
699·49·55A Vinyl chloride ppb 10.0 10.0 10 
699·49·55A Xylenes (total) ppb 6.3 5.0 10 
699·49-SSA Zinc ppb 8.1 4.0 18 
699·49·5SA Zinc, filtered ppb 7.2 3.0 14 
699·49·55A cis·1,3·Dichloropropene ppb 7.5 5.0 10 
699·49·55A pH pH 8.0 7.0 9 
699·49·55A trans-1,2-Dichloroethylene ppb 10.0 10.0 10 
699·49·55A trans-1,3-Dichloropropene ppb 7.5 5.0 10 
699·49·55A trans-1,4·dichloro·2· butene ppb 10.0 10.0 10 

699·50·53A 1,1,1,2-Tetrachloroethane ppb 10.0 10.0 10 
699·50·53A 1,1,1-Trichloroethane ppb 6.3 5.0 10 
699·50·53A 1,1,2,2-Tetrachloroethane ppb 10.0 10.0 10 
699·50·53A 1,1,2-Trichloroethane ppb 6.3 5.0 10 
699·50·53A 1,1-Dichloroethane ppb 8.8 5.0 10 
699·50·53A 1,1-Dichloroethene ppb 8.8 5.0 10 

200-BP-5 - 01/25/94 A-10 

Page 10 

Analvp; s S1JT1;nary 
Total ;.. D.L. 

4 3 
8 7 
6 4 

12 12 • 
11 11 
14 14 
9 9 
9 8 
2 1 

10 10 
1 1 
5 5 

14 14 
,, 2 
7 6 
2 
4 2 
5 5 
4 3 
2 1 
2 
4 2 
2 
2 1 

16 16 
10 10 
11 11 
7 7 
2 
4 2 
9 8 
9 7 
2 

21 21 
2 1 
2 
2 

2 1 
4 2 

2 1 
4 2 
4 2 
4 2 
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1/21/ 94 CONSTITUENTS WITH AT LEAST ONE DETECTED VALUE SINCE 1/1/88 

Results Su.ery 
Well Constituent Name Units Average Mininun Maxinun 

------- ------- ------------------------ -- ---- ---- ------ - -------- ------- --

699-50-53A 1,2,3,4-tetrachlorobenzene ppb 10.0 10.0 10 
699-50-53A 1,2,3,5-tetrachlorobenzene ppb 10.0 10.0 10 
699-50-53A 1,2,3-Trichloropropane ppb 10.0 10.0 .10 
699-50-53A 1,2,3-trichlorobenzene ppb 10.0 10.0 10 
699-50-53A 1,2,4,5-Tetrachlorobenzene ppb 10.0 10.0 10 
699-50-53A 1,2,4-Trichlorobenzene ppb 10.0 10.0 10 
699-50-53A 1,2-Dibromo-3-chloropropane ppb 10.0 10.0 10 
699-50-53A 1,2·Dibr01110ethane ppb 10.0 10.0 10 
699-50-53A 1,2-Dichlorobenzene ppb 10.0 10.0 10 
699-50-53A 1,2-Dichloroethane ppb 8.8 5.0 10 
699-50-53A 1,2-Dichloroethene ppb 7.5 5.0 10 
699-50-53A 1,2-Dichloropropane ppb 8. 8 5. 0 10 
699-50-53A 1,3,5-trichlorobenzene ppb 10.0 10.0 10 
699-50-53A 1,3-Dichlorobenzene ppb 10.0 10.0 10 
6 -50-53A 1,3-Dichloropropene ppb 10.0 10. 0 10 
699-50-53A 1,4-Dichlorobenzene ppb 10.0 10.0 10 
699-50- 53A 1 '·Dioxane ppb 5 o.o 500 .0 500 
699-50-53 2-Ch ~~ ' oethyl vinyl et her ppb 10.0 10.0 10 
699-50-53A 2-Hexa~ ppb 10.0 10 . 0 10 
699-50-53A 4-Methyl-2-pentanone ppb 10.0 10.0 10 
699-50-53A Acetone ppb 7.0 4.0 10 
699-50·53A Acetonitrile ppb 3000.0 3000.0 3000 
699-50-53A Acrolein ppb 10.0 10.0 10 
699-50-53A Acrylonitrile ppb 10.0 10.0 10 
699-50-53A Alkalinity ppb 67262.5 65300.0 68500 
699-50-53A Al1.111iru11 ppb 109.0 46.0 200 
699-50-53A Alllericiln-241 pCi/L .0 .0 0 
699-50-53A Anion h.n ion ppb 68.5 55.0 82 
699-50-53A Antiaony ppb 45.0 20.0 74 
699-50-53A Antiaony, filtered ppb 96.3 19.0 200 
699-50-53A Antiaony-125 pCi/L 5.1 • 1 19 
699-50-53A Arsenic ppb 3.8 2.1 10 
699-50-53A Arsenic, filtered ppb 4.1 2.9 5 
699-50-53A Bari1.111 ppb 79.2 • 1 200 
699-50-53A Bari1.111, filtered ppb n.4 66.0 100 
699-50-53A Benzene ppb 6.3 5.0 10 
699-50-53A Beryll i1.111 ppb 1.6 1.0 5 
699-50-53A Berylli1.111, filtered ppb 3.6 1.0 5 
699-50-53A Beryl l il.111-7 pCi/L 45 .3 .1 91 
699-50-53A Bis(chloromethyl) ether ppb 10.0 10.0 10 
699-50-53A Boron ppb .o .o 0 
699-50-53A Boron, filtered ppb 24.0 24.0 24 
699-50-53A Br011ide ppb 500.0 500.0 500 
699-50-53A Br0110acetone ppb 10.0 10.0 10 
699-50-53A BrOIIOClichloromethane ppb 7.5 5.0 10 

200-BP-5 - 01 /25/94 A- 11 
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Analysis SU111111ry 
Total > D.L . 

2 1 
2 1 
2 1 
2 1 
2 1 
2 1 
2 
2 1 
2 1 
4 2 
2 1 
4 2 
2 1 
2 
2 
2 
2 
2 1 
2 1 
2 
2 
2 1 
2 1 
2 1 
8 8 
9 8 
3 2 
2 2 
9 8 
7 5 
7 6 

11 11 
4 3 

13 13 
11 11 
4 2 
7 6 
7 5 
2 1 
2 
1 
1 
3 2 
2 1 
2 1 
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1/21/94 CONSTITUENTS WITH Ar LEAST ONE DETECTED VALUE SINCE 1/1/88 

;., .-sul ts Sw,,..~ ry 
Well "onstituent Name UnitF Ave,.c1ge Mi n·AUn Haxillun 
..... , ,. .... .. u• •••••••••••••••• -- •• • •••••••• .. ·-- ------- ------- · ---------

699· 50-53A Brca:)fonn ppb 8.8 5.0 10 
699·50·53A Cadllil.111 ppb 4.3 3.0 7 
699·50-53A Cacbi1.111, filtered ppb 3.7 2.0 10 
699·50·53A Calciun ppb 181741.4 297.0 285000 
699·50-53A Calciun, filtered ppb 227183.3 31200.0 289000 
699-50·53A Carbon disulfide ppb 8.8 5.0 10 
699·50·53A Carbon tetrachloride ppb 6.3 5.0 10 
699-50-53A Ceril.lll/Praseodymiun-144 pCi/L 17.8 . 1 36 
699·50·53A Cesiun-134 pCi/L 1.1 .1 2 
699·50·53A Cesiua-137 pCi/L 1.6 .1 6 
699-50·53A Chloride ppb 37050.0 31900.0 48000 
699·50·53A Chloride ppm 38.1 38.1 38 
699·5 ·53A r.h lor~ zene ppb 8.8 5.0 10 
699·50·53A Ch 1 -.roet ..... '. '! ppb 10.0 10. 1., 10 
699-50·53A Chlor1., ·orm ppb o.: 5.0 10 
699·50·53A Chloromethr l me\. ":•l etht :- ppb 10.0 >~.O ;,. 
o•.~J-50·53A Chroraiun ppb 22.0 6. 0 90 
699•51)-53A Chr011h .. "l'I, filtered . ' 9 ' 3.0 20 ... 
699-50-53A Cobalt ppt, b. : 7.0 50 
699·50·53A Cobalt, filtered ppb 13.0 4.0 20 
699-50·53A Cobalt-60 pCi/L 371.8 41.5 532 
699·50-53A Copper ppb 25.7 7.0 107 
699-50-53A Copper, filtered ppb 10.4 6.0 20 
699-50-53A Crotonaldehyde ppb 10.0 10.0 10 
699-50-53A Cyanide ppb 769.6 110.0 2710 
699·50·53A Cyanide, filtered ppb 782.2 110.0 1690 
699·50·53A Di·n·butylphthalate ppb 2.0 2.0 2 
699·50-53A Dibr01110Chloromethane ppb 7.5 5.0 10 
699-50-53A Di br01110111ethane ppb 10.0 10.0 10 
699·50-53A Dichlorodifluoromethane ppb 10.0 10.0 10 
699·50·53A Diethylarsine ppb 10 .0 10.0 10 
699·50·53A Ethyl 111ethacrylate ppb 10.0 10.0 10 
699·50-53A Ethylbenzene ppb 7.5 5.0 10 
699-50-53A Ethylene oxide ppb 3000.0 3000.0 3000 
699-50·53A Europi..,.·154 pC;/L 1.3 • 1 2 
699-50-53A Europi..,.·155 pCi/L 1.2 .1 2 
699·50-53A Fluoride ppb 1433.3 1000.0 1700 
699-50-53A Fluoride ppm 1.8 1.8 2 
699-50-53A Fluorine ppb 4n.8 250.0 1020 
699-50-53A Forwldehyde ppb 500.0 500.0 500 
699-50-53A Gross alpha pCi/L 4.2 .8 9 
699·50-53A Gross beta pCi/L 2257.9 424.0 3220 
699·50-53A Hexachlorobenzene ppb 10.0 10.0 10 
699·50·53A Hexach l orophene ppb 10.0 10.0 10 
699·50·53A Hydrogen sulfide ppb 10.0 10.0 10 
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Results Sunary 
Well Constituent Name Units Average MinillUII Maxil!Ull 

-- ------------ ------------- ----------------- ----------- ------· - ---------

699-50-53A lodine-129 pCi/L -1 .o 0 
699-50-53A Iron ppb 458.8 .4 1370 
699-50-53A Iron, filtered ppb 327.8 265.0 406 
699-50-53A Kerosene ppb 10000.0 10000.0 10000 
699·50-53A Lead ppb 11. 1 2.0 30 
699-50-53A Lead, filtered ppb 8.0 2.0 20 
699-50-53A Magnesiun ppb 55940.0 79.6 79300 
699-50-53A Mai;nesiun, filtered ppb 69208.3 63000.0 89900 
699-50-53A M~e ppb 17.2 8.4 26 
699-50-53A Manganese, filtered ppb 8.5 5.0 17 
699-50-53A Mercury ppb • 1 • 1 0 
699·50-53A Mercury, filtered ppb • 1 • 1 0 
699-50-53A Methacrylonitrile ppb 10.0 10.0 10 
699-50-53A Methanethiol ppb 10.0 10.0 10 
699-50-53A Methy l Iodide ppb 10. 0 10.0 10 
699-50-53A Methyl bromhk ppb 10.0 10.0 10 
699-50-53A Methyl chloride ppb 10.0 1 0.0 10 
, . -Sll-53A Methyl ethyl ketone ppb iO.O 10.0 10 
699-'i0-53A Methyl methecrylate ppb 10.0 10.0 10 
699-50-53A Methylene chloride ppb 8.5 4.0 10 
699-50-53A N,N-Diethylhydrazine ppb 10.0 10.0 10 
699-50-53A N-Nitroaodiphenylamine ppb 1.0 1.0 
699-50-53A Naphthalene ppb 10.0 10.0 10 
699-50-53A Nickel ppb 94.4 11.0 619 
699-50-53A Nickel, filtered ppb 194.4 10.0 701 
699-50-53A Nitrate ppb 524111.1 140000.0 625000 
699-50-53A Nitrate ppm 665.0 665.0 665 
699-50-53A Nitrite ppb 200.0 200.0 200 
699-50-53A Pentachlorobenzene ppb 10.0 10.0 10 
699-50-53A Pentachloroethane ppb 10.0 10.0 10 
699-50-53A · Phenol ppb 10.0 10.0 10 

699-50-53A Phosphate ppb 742.9 400.0 1000 
699-50-53A Plutoniun-238 pCi/L .1 • 1 0 
699-50-53A Plutoniun-239/40 pCi/L .0 .o 0 
699-50-53A Potassh.111 ppb 12981. 1 13.0 17800 
699-50-53A Potassiun, filtered ppb 14933.3 13500.0 16800 
699-50-53A Potasahn-40 pCi/L 128.3 96.6 160 
699-50-53A Pyridine ppb 500.0 500.0 500 
699-50-53A Ruthenil.n-106 pCi/L 6.0 .1 31 
699-50-53A Selenha ppb 33.6 17.5 61 
699-50-53A Seleniua, filtered ppb 26.4 19.0 33 
699-50-53A Silver ppb 9.2 7.0 10 
699-50-53A Silver, filtered ppb 10.1 4.0 20 
699-50-53A Sodiua ppb 50988.9 66.7 66600 
699-50-53A Sodiua, filtered ppb 59341.7 40600.0 66400 
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Total > D.L. 
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1/21/94 CONSTITUENTS \IITH AT LEAST ONE DETECTED VALl)E SINCE 1/1/88 

Results S(DIMry 
\lel l Constituent Ner-~ Units S.verage MinillUII MaxillUII 

---------- ----
______ _____ .,. ________ _ ·--------

----------- -------- ------ ---

699-50-53A Specific conductance umos 1622.1 130.0 2450 
699-50-53A Strontiun, filtered ppb 1009.0 944.0 1150 
699-50-53A Strontiun-90 pCi/L .2 .0 0 
699-50-53A Styrene ppb 7.5 5.0 10 
699-50-53A Sulfate ppb 406384.6 380000.0 450000 
699-50-53A Sulfate ppn 498.0 498 .0 498 
699-50-53A Technetiun-99 pCi/L 14634.6 391.0 32700 
699-50·53A T~rature, field DegC 17.5 16.6 19 
699-50-53A Tetrachloroethene ppb 6.3 5.0 10 
699·50·53A Thall iun ppb 5.7 2.0 20 
699-50-53A Thalliun, filtered ppb 3.5 2.0 5 
699-50-53A Tin, filtered ppb 65.0 30.0 100 
~99-50-53A Toluene ppb 6.3 ::.ci 10 
69'Y--'l(l •53A Tota l Carbon ppb 15650.0 14600. ~· 1noo 
~09-50· )3 Total Organic Carbon .:-pb : '17.3 400.0 700 
699-50-53A To ~l Organic Halogen ppo 0. "\ 4.7 9 
699-50-53A Tri b.;t :l:,hosphoric Ac :-! ppb 10.0 10.0 1(! 

699-50·53A Tri ch lor~ ·•. -, ;,-'IX) 6.3 ~-0 ,o 
699·50-53A Tri chl orometh .. ·.eti,: •, l µ,b 10.0 10. ~ :c 
699·50·53A Tr ichloromonofluoromethane ppb 10.0 10.0 10 
699-50-53A Tritiun pCi/L 3220.7 470.0 5040 
699-50-53A Uraniun ppb 5.3 3.8 8 
699-50-53A Uraniun-234 pCi/l 2.4 2.4 2 
699·50-53A Uranil.n-235 pCi/l .1 • 1 0 
699·50-53A Uranil.n-238 pCi/L 2. 0 2.0 2 
699-50-53A Vanadiun ppb 31.7 10.7 53 
699·50-53A Vanadiuw, filtered ppb 9., 5.0 30 
699-50-53A Vinyl chloride ppb 10.0 10.0 10 
699-50-53A Xylenes (total) ppb 6.3 5.0 10 
699-50-53A Zinc ppb 14.3 6.0 23 
699-50-53A Zinc, filtered ppb 10.5 6. 0 32 
699-50·53A Zinc-65 pCi/L 4.3 • 1 8 
699·50·53A Zirconiun/NiobiUlll-95 pCi/L 16.6 12 .5 21 
699·50-53A cis-1,3-Dichloropropene ppb 7.5 5. 0 10 
699-50-53A pi! pi! 7.7 7.0 8 
699-50-53A trans-1,2-Dichloroethylene ppb 10.0 10.0 10 
699-50-53A trans-1,3-Dichloropropene ppb 7.5 5.0 10 
699-50-53A trans-1,4-dichloro-2-butene ppb 10.0 10.0 10 

699-52-54 1,1,1-Trichloroethane ppb 7.5 5. 0 10 
699-52-54 1,1,2-Trichloroethane ppb 7.5 5.0 10 
699-52-54 1,1-Dichloroethane ppb 7.5 5.0 10 
699-52-54 1,1-Dichloroethene ppb 7.5 5.0 10 
699-52-54 1,2-Dichloroethane ppb 7.5 5.0 10 
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1/21/94 CONSTITUENTS WITH AT LEAST ONE DETECTED VALUE SINCE 1/1/88 

Results Su:.nary 
Well Constituent Name Units Average Mininun Maxinun 

---- -- ---- ---- ----------------------- --- ---- --- -------- -------- --- --- ---

699-52-54 1,2-Dichloroethene ppb 7.5 5.0 10 
699-52-54 1,2-Dichloropropene ppb 7.5 5.0 10 
699-52-54 2-Hexanone ppb 10 .0 10.0 10 
699-52-54 4-Kethyl-2-pentanone ppb 10.0 10.0 10 
699-52-54 Acetone ppb 8.0 4.0 12 
699-52-54 AluniNJn ppb 89.8 46,0 236 
699-52-54 Anti1110ny ppb 36.9 5.4 63 
699-52-54 Anti1110ny, filtered ppb 37.0 19.0 55 
699-52-54 Arsenic ppb 5.5 3.8 6 
699-52-54 Arsen ic, filtered ppb 6.1 5.5 7 
699-52-54 Bariun ppb 45.3 37.7 58 
699-52-54 Bariun, filtered ppb 39.4 36.6 42 
699-52-54 Benzene ppb 7.5 5.0 10 
699- 52-54 Be ryl l iun ppb 1.0 1. (\ 

6~ -52-54 ~ rylliun, filtered ppb 1.0 1.0 
699-52-54 Bis( 2-ethylhexyl) phthal ate ppo 1.0 1. 0 
699-52-54 BrOIIIOdich lo;omethanc ppb 7.5 5.0 10 
699-52-54 Brcnoform ~ 7.5 5. 0 10 
699-52-54 Cachiua ~ 4.3 3.0 7 
699-52-54 Cachiun, filtered ppb 4.0 4.0 4 
699-52-54 Calciua ppb 70180.0 60200.0 81700 
699-52-54 Calciua, filtered ppb 61150.0 59800.0 62500 
699-52-54 carbon disulfide ppb 7.5 5.0 10 
699-52-54 Carbon tetrachloride ppb 7.5 5.0 10 
699-52-54 Ch l orobenzene ppb 7.5 5,0 10 
699-52-54 Chloroethane ppb 10.0 10.0 10 
699-52-54 Chloroform ppb 7.5 5.0 10 
699-52-54 Chr011iun ppb 17.7 6.0 37 
699-52-54 Chr011iun, filtered ppb 5.2 4.0 6 
699-52-54 Cobalt ppb 7.7 4.0 10 
699-52-54 Cobalt, filtered ppb 6.0 4.0 8 
699-52-54 Copper ppb 22.8 6.0 130 
699-52-54 Copper, filtered ppb 6.5 6.0 7 
699-52-54 cyanide ppb 76. 1 10.0 169 
699-52-54 ,Dibromochloromethane ppb 7.5 5.0 10 
699-52-54 Ethylbenzene ppb 7.5 5.0 10 
699-52-54 Iron ppb 579.8 62.1 1550 
699-52-54 Iron, filtered ppb 47.8 36.0 60 
699-52-54 Lead ppb 2.0 2.0 2 
699-52-54 Lead, filtered ppb 2.0 2.0 2 
699-52-54 MagnesiU'D ppb 21no.o 19700.0 24500 
699-52-54 Magnesiun, filtered ppb 20000.0 19800.0 20200 
699-52-54 Manganese ppb 14.5 3. 1 33 
699-52-54 Manganese, filtered ppb 3.4 3.0 4 
699-52-54 Mercury ppb .1 • 1 0 
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1/21/94 CONSTITUENTS \IIT '.: ;.r LEAST ONE DETECTED VALUE SINCE 1/1/88 

Results SUllll8ry 
\ielt Constituent N-.. Units Average Minillll.ll'I Maxir.u.11 

--------- -- --- ---- ---- ---- -.. . ------- -------- ----------- ----- .. - . .. ·-------

699-52-54 Mercury, filtered ppb .'2 .1 0 
699-52-54 Methyl broai de ppb 10.0 10.0 10 
699-52-54 Methyl chloride ppb 10.0 10.0 10 
699-52-54 Methyl ethyl ketone ppb 10.0 10.0 10 
699-52-54 Methylene chloride ppb 13.5 2.0 25 
699-52-54 Nickel ppb 17.3 10.1 25 
699-52-54 Nickel, filtered ppb 8.5 7.0 10 
699-52-54 Potassiun ppb 9467.0 8580.0 10400 
699-52-54 Potassiun, filtered ppb 8535.0 8080.0 8990 

699-52-54 Selenil.n ppb 10.8 7.5 13 
699-52-54 Seleniua, filtered ppb 11.1 9.6 13 
699-52-54 Silver ppb 7.7 4.0 10 
699-52-54 Silver, filtered ppb 5.5 4.0 .,. 
699-52-54 o iiun ppb 380,·-: .o 35100.0 40800 
699-52-54 Sodi .. filtered ppb 36500. :, 36500.0 36500 
699-52-54 Specific contk.-:::•ance umos 666.6 573.0 829 
699-52-54 Styrene ;"IJ)b 7.5 ~-0 10 
.. . ---~2-54 · -:._.-, ture, field D .. :,,· 1 - .,. ' . 17.-; 19 
69S, 'i2-:·, Tetract; l or ~ ,thene ppb :" ,5 5.0 10 
699-52-54 Thall iua ppb 2.5 2.0 5 
699-52-54 Thalli1.a1, filtered ppb 3.5 2.0 5 
699-52-54 Toluene ppb 7.5 5.0 10 
699-52-54 Trichloroethene ppb 7.5 5.0 10 
699-52-54 Vanadiua ppb 26.7 8.0 43 
699-52-54 Vanadi 1.a, filtered ppb 21.7 8.0 35 
699-52-54 Vinyl chloride ppb 10.0 10.0 10 
699-52-54 Xylenes (total) ppb 7.5 5.0 10 
699-52-54 Zinc ppb 16.9 6.1 65 
699-52-54 Zinc, filtered ppb 5.5 5.2 6 
699-52-54 cis-1,3-Dichloropropene ppb 7.5 5.0 10 
699-52-54 pH pH 7.8 7.0 8 
699-52-54 trans-1,3-Dichloropropene ppb 7.5 5.0 10 
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Metric Conversion Chart 

The following conv ersion ch art is provided to the reader as a tool to 
aid in conversion. 

Into Metric Units Out of Metric Units 
If You Know Multiply By To Get If You Know Multiply By To Get 

Length Length 
Inches 25.4 millimeters millimeters 0.039 inches 

Inches 2.54 centimeters centimeters 0.394 inches 

feet 0.305 meters meters 3.281 feet 

yards 0.914 meters meters 1.094 yards 

miles 1.609 kilometers kilometers 0.621 miles 

Area Area 
sq. inches 6.452 sq. ·cent-i~~ters sq. centimeters 0.15!-- sq. inches 

sq. feet 0.093 sq. meterJ s4. meters 10.76·. sq. feet 

sq. yards .0836 sq. meters sq. , eters 1.196 sq. y::i.rds 

sq. miles 2.6 SC?- kilomete=-~ sq. kilome!o.rs 0.4 sq. miles 

acres 0.405 hectarP.s hei.;1-. res 2.47 acres 

Mass (weight) Mass (weight) 
ounces 28.35 grams grams 0.035 ounces 

pounds 0.454 kilograms kilograms 2.205 pounds 

short ton 0.907 metric ton metric ton 1.102 short ton 

Volume Volume 
teaspoons 5 milliliters milliliters 0.033 fluid ounces 

tablespoons 15 milliliters liters 2.1 pints 

fluid ounces 30 milliliters liters 1.057 quarts 

cups 0.24 liters liters 0.264 gallons 

pints 0.47 liters cubic meters 35.315 cubic feet 

quarts 0.95 liters cubic meters 1.308 cubic yards 

gallons 3.8 liters 

cubic feet 0.028 cubic meters 

cubic yards 0.765 cubic meters 

Temperature Temperature 
Fahrenheit subtract 32, Celsius Celsius multiply by Fahrenheit 

then 9/5, then 
multiply by add 32 
5/9 

200-BP-5 - 01/25/94 Attachment-I 
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